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REVIEWER COMMENTS 
 
Reviewer #1 (Remarks to the Author: Overall significance): 
 
In this study the authors performed integrated analysis for large number of published human 
embryo RNA-seq datasets, including both normal and abnormal embryos, to systematicly analyze 
the A-to-I editome for human early embryonic development. They proposed a regulation model 
which REs enhance maternal mRNA clearance by introducing more microRNA binding sites to the 
3'-untranslated regions of clearance targets. In general t the biological question is of potential 
important and interesting. However, there are some questions need to be addressed. 
 
Reviewer #1 (Remarks to the Author: Strength of the claims): 
 
1.As the author claimed they identified systematic A-to-I editome profile by analyzing the variant 
sites in RNA-seq. Theoretically, it is necessary to show the distribution of editing level of all variant 
sites. A global view is important.Also it is better to clearly descript the cutoff they used to 
distinguish the identified A-to-I editing sites and background noise. 
 
2.In the results of Fig2A, the author only showed the overlap of editing sites in normal and other 
samples. However the identification of “normal” and “other” is unclear, which should be explained, 
at least mentioned in legends. More detailed analysis in this part would be preferred. For instance, 
what is the genome enrichment, gene and location (3’UTR, 5’UTR) preference for the overlap sites 
and the unique sites. 
3. It is better to show more detail on the indicated important ERs. For instance, the REs loss and the 
RNA-seq IGV trance on TTF1, which they mention in embryos with uniparental disomy and those 
from elder mothers. More IGVs of ERs on important genes should be present. 
4.Here they used Suv39h2 as the example of RE-induced MBS-gain genes, however they did not 
show the editing level of this REs and the signal change of RNA-seq is also needed, as it will be a 
supporting evidence of the RE-induced maternal mRNA-clearance modell 
 
5.In this manuscript the causal relation between A-I editing induced MBS and maternal RNA 
clearance was not logically convincing, as they only showed a week difference of MBS-gaining REs 
amount between 8-cell decay and undecay genes. Normally a causal relation need to be proved by 
the rescue experiments. More importantly the analysis of RNA level and expression pattern was 
barely appeared in this manuscript, which make it difficult to believe the RE-induced maternal 
decay model. I can understand that the batch effect and individual difference could impact the 
calculation of FPKM of individual genes. Here they analyzed GSE95477 which REs appeared 
different in yang and old mother, and therefore they can further compared the impaction of REs on 
RNA decay in this two group of embryos. For example for the genes loss REs in a particular stage, 
will the RNA abundance increased in this stage or appeared deficient decay in a later stage? 
 
6.If the RE induced MBS enhanced the decay of maternal RNA, could the author show the time 
course of RE gain or loss and RNA abundance change? Also if this model worked, will the editing 
level of REs on maternal decay genes decreased upon the clearance of the edited transcripts. Could 
the RE induced MBSs related with the regulation of translation by miRNA? 
7.As they show REs existed from MII oocyte to 2-cell stage, however if the maternal decay occurred 



2  

in 8-cell stage, why the transcripts with RE induced MBS keep stable before 8-cell stage? And how 
they would explain the role of RE induced MBSs in un decayed genes(Fig 6d). Here the author 
should explain how they identified the maternal decay genes and what is the identification of 
“others” 
 
8.Could the proposed model be conservative between species? Is it possible to find conserved 
maternal transcripts with RE induced MBS in mice? 
 
 
Reviewer #1 (Remarks to the Author: Reproducibility): 
 
1. Comparison of the number of editing sites between this study and previous reports should be 
considered as quality control. 
2. In Fig2a, only 23% sites were shared between normal and abnormal samples, what is the 
potential biological explanation? 
3. Does the number in Fig2b represent intersect or union number of sites from different replicates 
of the same sample? Also, number of reproducible sites from different replicates was expected as 
quality control. 
4. P7.l149 seems should be “median” instead of “mean”. 
 
 
 
Reviewer #2 (Remarks to the Author: Overall significance): 
 
By curating and analyzing the largest human embryonic editome to date, Ding and coauthors 
showed that the human preimplantation embryos at variouos embryonic stages harbour thousands 
of REs that are preferably exonic and highly shared between stages at the editing site. They also 
proposed that these REs could potentially enhance maternal mRNA clearance, a process that is 
crucial for successful maternal-to-zygotic transtion, by introducing more MBSs to clearance targets 
than to other maternal genes. 
 
Reviewer #2 (Remarks to the Author: Impact): 
 
This study introduced the first large-scale A-to-I RNA editome for early human embryos, the 
analysis of which revealed a consistent early-stage editing pattern (of REs) with probable functional 
importance in microRNA-based maternal mRNA clearance. The editome itself is valuable resource 
for further examination of the interplay between maternal RNAs and early embryo development. 
However, many of the conclusions need to be experimentally confirmed. And some key hypotheses 
also need to be examined by bench works. 
 
Reviewer #2 (Remarks to the Author: Strength of the claims): 
 
Specific comments: 
The title of “Large-scale identification of recurrent RNA edits in human embryos” is unclear. While 
the authors only investigated A-to-I RNA editing in human preimplantation embryos, it is better for 
them to be more specific in defining the scope of research in the title. 
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The reader would benefit from a more detailed description of A-to-I RNA editing (i.e., frequency, 
sequence preference, and distribution in the 5’ and 3’ untranslated region, coding sequences of 
mRNAs) and the biochemical pathways underlying this edit (i.e., enzymes and RNA-binding proteins 
that mediate this posttranscriptional modification) in the Introduction section. 
 
The authors should be sure to define abbreviations in figure legends and in the main text and 
minimize the number of abbreviations. As the manuscript is now, it is difficult to follow the flow on 
the story due to so many abbreviations. 
 
The authors showed that A-to-I RNA editing could potentially enhance maternal mRNA clearance, 
by introducing more MBSs to clearance targets than to other maternal genes. However, the role of 
an microRNA-based regulatory mechanism in maternal mRNA clearance has not been confirmed in 
mammalian early embryos. Therefore it is reluctant to explain the association of A-to-I RNA editing 
with maternal mRNA decay using this mechanism. Potential involvement of A-to-I RNA editing in 
PAN2-PAN3, CCR4-NOT, and exosome mediated RNA clearance pathways should be considered. 
 
The occurrence and functions of A-to-I RNA editing in human preimplantation embryos are 
completely based on high throughput data analyses. The results of analyses are no doubt valuable, 
but it is equally important to experimentally conform the location of A-to-I RNA editing on some 
representative maternal transcripts, and provide experimental results that support the hypotheses 
that A-to-I RNA editing indeed affect the dynamics of maternal mRNA clearance. 
 
In Figure 7, there is an error about the dynamics of maternal mRNA clearance in human embryos: 
the major wave of maternal mRNA clearance occur at the 8 cell stage, not after blastocyst 
formation as is shown in the left conner of the proposed model. 
 
Authors need to follow the guidelines of gene symbols, protein symbols, RNA symbols. Based on 
our understanding gene and RNA symbols should be italicized. 
 
 
 
Reviewer #3 (Remarks to the Author: Overall significance): 
 
In the submitted manuscript, the authors reported their analysis of A-to-I RNA editing in human 
embryos. They found that editing is diminished in abnormal embryos and that it can introduce 
microRNA binding sites in 3'UTR of maternal transcripts to facilitate their clearance. The topic of 
the study is interesting and might be clinically relevant to reproduction and fertility. Nevertheless, I 
think the work can be further improved. 
 
Reviewer #3 (Remarks to the Author: Impact): 
 
Communications Biology would be most appropriate for the manuscript. 
 
Reviewer #3 (Remarks to the Author: Strength of the claims): 
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Major comments: 
 
1) The authors should elaborate more about their analysis steps in the main text. Details of any 
additional filters applied (besides SNP removal) are missing from Figure 1b. As written, there seems 
to be nothing special about the authors' computational pipeline. 
 
2) Figure 1 should include the distribution of all 12 possible types of nucleotide changes (A-to-C, A-
to-G, A-to-T etc) after variant calling with or without application of additional filters. 
 
3) Figure 1D: How was the false positive (FP) rate calculated? Please describe in main text. 
 
4) The A-to-G percentage should be given for non-Alu and Alu sites separately. 
 
5) The authors should calculate the Alu editing index (AEI) for each sample. Does the extent of 
editing correlate with ADAR expression levels? 
 
6) Figure 1 & 2 can be combined. 
 
7) What is the number of samples for each developmental stage (Figure 3b)? 
 
8) Figure 3c,d: It would be useful to show similar graphs for later developmental stages (morula and 
afterwards) as well. Is the preponderance of sites in 3'UTR observed only in the earlier 
developmental stages? 
 
9) Genes with recurrent edits (REs) in early stages - do their expression levels go down in later 
developmental stages (morula and afterwards), indicative of transcript degradation? 
 
10) The authors wrote that "An initial scan revealed 107 edits on 76 genes that were REs in normal 
embryos, but completely lost in the same stage in pathological embryos and embryos from elder 
mothers." What is the initial scan? Please provide more details on how the 107 edits on 76 genes 
were shortlisted. For each site, was there sufficient sequencing coverage in the abnormal embryos? 
What were the editing levels of these 107 sites in the normal embryos? 
 
11) Figure 5a,c: What are AG embryos and PG embryos? Also, what is "BI"? Please explain in the 
figure legend. 
 
12) I see "amanitin" in Figure 5c. Amanitins are compounds that block RNA polymerase II, thereby 
inhibiting transcription. How is this drug treatment relevant to the manuscript? 
 
13) Figure 5c: Data from GSE133854 don't look convincing. This seems to invalidate the authors' 
claim that there are "fewer RE-matching edits in protein-coding genes of abnormal embryos and 
embryos from elder mothers". 
 
14) MicroRNA prediction programs are often inaccurate. Instead of relying solely on TargetScan, 
can the authors use at least two different software and take the intersection? 
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15) Figure 6d: Where did the authors obtain the genes that "decay at 8-cell" from? I don't see any 
gene expression analysis. (Similar to comment #9 above.) 
 
Minor comments: 
 
16) In the introduction, the authors wrote "The successful development of human embryos is based 
on a well-regulated network that spans multiple omic layers." It is unclear what "multiple omic 
layers" mean. 
 
17) Figure 3a is redundant. 
 
18) At the end of the results section, the authors wrote that "This hypothesis was immediately 
validated by the observation that ..." I suggest replacing "immediately validated" with "supported". 
The authors did not perform any independent experimental validations. 
 
19) In the discussion, the authors wrote that "The role of A-to-I RNA editing in human has been 
ambiguous for a long time." This is not true. Multiple papers have clarified the diverse roles of 
editing in human. 
 
20) In the methods section, the authors wrote "For single-cell RNA-Seq datasets, we required that 
the sequencing technology not be based on cell barcoding." Can the authors explain why? 
 
21) One of the supplementary datasets (the largest one) appears to be filled with nonsensical 
characters. 
 
22) There are scattered English language errors. Please proofread. 
 
 
Reviewer #3 (Remarks to the Author: Reproducibility): 
 
Please see comments under "Strength of the claims", for example, comments #13 and #14. 
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Response to reviewers' comments 
 
 

We thank the reviewers for highlighting the quality of our work and for their valuable comments, and have 
revised the manuscript accordingly. Specifically, 

 
1. We supported the association between REE ("Recurrent Embryonic Edit"; formerly the RE 

("Recurrent Edit")) and maternal mRNA clearance with evidence at the level of gene 
expression (Supplementary Fig. 8, 16, 22-23, and Supplementary Notes 4). 

2. We validated most of our conclusions related to REE-related microRNA binding sites (MBS) 
using the intersection of predictions by both TargetScan and miRanda (Fig. 5b-d, 
Supplementary Fig. 14-15) with detailed methods (Methods; Supplementary Fig. 18-19). 

3. We detailed the background of RNA editing, the methods necessary for identifying the edits 
(Supplementary Notes 6, Supplementary Tables 1, 7-8, and Supplementary Fig. 5), additional 
description of these edits (Supplementary Notes 2, Supplementary Fig. 1, 2, 4, 6, 9-11, 17, 20-21, and 
Supplementary Data 1), and the discussion of the potential relevance of these edits to maternal mRNA 
clearance (Supplementary Fig. 24-25) as suggested by reviewers. 

 
All the changes (except for the replacement of "RE" with "REE") in the manuscript and supplementary material 
are highlighted in blue font. Please see the replies to the specific reviewer comments below for further details. 
We thank again for the editors and reviewers' efforts. 

 
 

Reviewer #1 comments 
 

Remarks of the Author: Overall Significance 

 
In this study the authors performed integrated analysis for a large number of published human embryo RNA-seq 
datasets, including both normal and abnormal embryos, to systematically analyze the A-to-I editome for human 
early embryonic development. They proposed a regulation model in which REs enhance maternal mRNA 
clearance by introducing more microRNA binding sites to the 3'- untranslated regions of clearance targets. In 
general the biological question is of potential important and interesting. However, there are some questions that 
need to be addressed. 

 
We thank for the reviewer's evaluation and the comments below that help to strengthen our study. 
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Remarks to the Author: Strength of the claims 

 
1. As the author claimed they identified systematic A-to-I editome profile by analyzing the variant sites 
in RNA-seq. Theoretically, it is necessary to show the distribution of editing level of all variant sites. A 
global view is important. 



8  

We thank the reviewer for pointing out the lack of an analysis at the global level, and we agree that such 
distribution is necessary. 

 
We have added the distribution of editing level of all variant sites (across all samples) as Supplementary Fig. 4 
(also the Additional Fig. 1 below) (Page 4, Lines 21-22 in main text; Pages 18- 20 in supplementary material). 
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Additional Figure 1. Distribution of editing level in each sample group. Note that although we have 
used a very stringent pipeline to remove as many false positives as possible (see Methods), we still 
found a number of editing sites with an editing level of 1. These editing sites should be examined with 
caution. 

 
Also it is better to clearly describe the cutoff they used to distinguish the identified A-to-I editing sites and 
background noise. 

 
We thank the reviewer for pointing out the lack of clarity of methodological details in our methods. 

 
The "cutoff" we used to distinguish the identified A-to-I editing sites and background noise is a combination of 
multiple filters detailed below, as described earlier in the previous Supplementary Notes 1 (Supplementary Notes 
6 in the revision). We found that we did not explicitly state the order by which we applied these filters, so we 
reorganized this part as below and updated the Supplementary Notes 6 as shown below (Pages 6-12 in 
supplementary material) and referred the readers to this in the main text (Page 12, Lines 16-17): 

 
Steps (1-9) for first-round per-sample filtering (with relevant Perl script in the 

GitHub repository marked when available): 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/Convert_VCF.pl) Starting from the GATK-called VCF file, we filtered 
variant sites ('sites' for short) for those on autosomes, chromosome X, or chromosome Y with the FILTER 
being "PASS" and at least one read covered. 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/ref_filter.pl) We filtered for sites that had not been labeled as a dbSNP 
variant during GATK variant calling, or had been labeled as the cDNA molecular type as annotated by 
UCSC Genome Browser dbSNP version 151 (http://genome.ucsc.edu/cgi- 
bin/hgTrackUi?db=hg38&g=snp151Flagged). 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/threads_rmMismatch.pl and https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/Remove_mismatch_first6bp.pl) For each site, we re-counted the 
number of mismatch reads on this sites based on all realigned reads (as produced by GATK 
IndelRealigner) whose mismatched base at this site was located outside the first 5- prime 6 bp of the 
read and had a base quality (as recorded in the realigned bam file) no less than 58. If no reads with 
mismatched bases were available for a given site after re-counting, this site was discarded. In addition, 
we discarded sites with two or more different types of mismatch bases (i.e., sites that are potential 
polymorphisms). 

http://genome.ucsc.edu/cgi-


11  

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/Alu_filter.pl) We then separated the sites into those on and not on Alu 
elements, as annotated by the UCSC Genome Browser RepeatMasker track 
(http://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg38&g=rmsk); the resulting subsets were named "Alu 
subset" and "other subset", respectively. No sites were discarded in this step. 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/FreqSimple.pl) We picked the "other subset" and filtered for sites that 
both (a) had a mismatch frequency > 0.1, and (b) did not overlap with any simple repeats described by 
the simple repeats annotated by the UCSC Genome Browser RepeatMasker track. 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/threads_rmSJandHomo.pl, https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/RemoveHomoNucleotides.pl, and https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/Filter_intron_near_splicejuncts.pl) We picked the output of Step (5), and 
filtered for sites that both (a) was not located within 4bp intronic regions of splicing sites defined by the 
UCSC Genome Browser knownGenes track (http://genome.ucsc.edu/cgi-
bin/hgTrackUi?db=hg38&g=wgEncodeGencodeV32), and (b) was not located within a homopolymer >= 
5bp (i.e., a >= 5bp sequence segment consisting of identical nucleotides). 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/threads_BlatCandidates.pl and https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/BLAT_candidates.pl) We picked the output of Step (6), and for each its 
site we (a) extracted all those realigned reads with the mismatched base for this site (as produced by 
GATK IndelRealigner), (b) aligned them to the entire genome with blat (with the following parameters: 
-stepSize=20 -repMatch=2253 -minScore=20 -minIdentity=0 
-noHead) as suggested by Lo Giudice et al. [1], (c) identified for each read whether it can uniquely map 
to this site again (with its Blat score * 0.95 higher than the Blat score of the second best hit), and (d) 
kept this site only if the number of reads that can uniquely map to this site is no less than the number 
of reads that can't. We then update the number of mismatches on this site with the number of reads 
that can uniquely map to this site. 

• (https://github.com/gao- 
lab/HERE/blob/master/scripts/S15_1 get_sample_RNA_editing_sites_v3/step07 apply_co 
mplex_filter/complex_filter_1/nonAlu_filter_new.pl) We picked the output of Step (7), and used UCSC 
Genome Browser RepeatMasker track to separate these sites into those that were on non-Alu repeat 
elements, and those that were not on repeat elements. No sites were discarded in this step. 

http://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg38&g=rmsk)%3B
http://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg38&g=wgEncodeGencodeV32)
http://genome.ucsc.edu/cgi-bin/hgTrackUi?db=hg38&g=wgEncodeGencodeV32)
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• We used bcftools concat --allow-overlaps to combine the sites called on Alu elements from 
Step (4), sites on non-Alu repeat elements from Step (8), and sites not on repeat elements 
from Step (8). No sites were discarded in this step. 

 

Step (10) 
 
 

We used bcftools isec --collapse all to identify all those genomic variants from the following worldwide population 
studies that overlapped with any of the sites discovered in any samples in Steps (1-9). 

 
• the University of Washington Exome Sequencing Project 

(http://evs.gs.washington.edu/EVS/), 

• the 1000Genomes Project [2] 
(http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/1000_genomes_project/release/
20 190312_biallelic_SNV_and_INDEL/), 

• all version 2.1.1 exome and genome variants (using the liftover_hg38 versions) and all version 
3.0 genome variants of the gnomAD project [3], and 

• the National Center for Biotechnology Information's Allele Frequency Aggregator project 
(which involves the computation of allele frequencies for variants in the database of 
Genotypes and Phenotypes across approved un-restricted studies) [4] 
(https://ftp.ncbi.nih.gov/snp/population_frequency/latest_release/freq.vcf.gz ; downloaded 
on November 11th, 2020). 

 
We then used bcftools isec --collapse all to identify all those variant sites discovered in any samples in Steps (1-
9) that overlapped with any of these genomic variants, and discarded these variant sites. 

 
Step (11) 
 
 

Starting with the variant sites kept in Step (10), we further kept those sites that met either of the following: (a) 
this site was located in an Alu element, and had >=10 reads covered, and had a >=10% mismatch frequency; (b) 
this site was not located in an Alu element, and had >=10 reads covered, and had a >=10% mismatch frequency, 
and had >=3 reads supporting the mismatch. 

 
Step (12) 
 
 

Starting with the variant sites kept in Step (11), we further kept those sites that met either of the following: (a) 
this site was located in an Alu element; (b) this site was not located in an Alu element, and was observed in at 
least two normal samples (or two abnormal samples) of the same stage (see Supplementary Table 8 for the details 
of each stage). 

http://evs.gs.washington.edu/EVS/)
http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/1000_genomes_project/release/20
http://ftp.1000genomes.ebi.ac.uk/vol1/ftp/data_collections/1000_genomes_project/release/20


13  

Step (13) 
 
 

Starting with the variant sites kept in Step (11) and their SnpEff annotation (run with parameters snpEff ann -lof 
and the GENCODE v32 annotation), we kept those variants annotated with either the A>G (i.e., A-to-G) SnpEff 
event only, or both the A>G and the T>C (i.e., T-to-C) SnpEff event. 

 
We deliberately kept the latter type of variant, which appeared in at least two transcripts of different orientations 
(i.e., a variant reported by SnpEff to induce an A-to-G shift in one transcript and a thymine-to-cytosine shift in 
another), because a previously well-studied A-to-I RNA editing event found to recode tyrosine to cysteine in the 
BLCAP (bladder cancer-associated protein) gene [5], persist in human embryonic stem cells and multiple human 
tissues [6], and promote cell proliferation [7] is this type of variants. 

 
For the sake of reproducibility, please elaborate on all Methods. Please note that Nature 
Portfolio journals do not enforce a word limit on this section, and refer to the Open Research 
Evaluation at the end of the document for additional guidelines. 

 
We thank for the editor's suggestions and have added the corresponding details necessary for the reproducibility 
(see reply to the above). 

 
2. In the results of Fig2A, the author only showed the overlap of editing sites in normal and other 
samples. However the identification of "normal" and "other" is unclear, which should be explained, at 
least mentioned in legends. More detailed analysis in this part would be preferred. For instance, what 
is the genome enrichment, gene and location (3'UTR, 5'UTR) preference for the overlap sites and the 
unique sites. 

This point would be necessary for further consideration at Communications Biology. 

 
We thank the reviewer and the editor for pointing out the lack of clarity in usage of these terms. 

 
We have added to Fig. 2a (now renumbered as Fig. 1e)'s legend an explanation of what the "normal" and "other" 
(which we believed to be "abnormal") sites stand for (Page 21, Lines 6-9 in main text). Briefly, the "normal" sites 
are those sites identified from normal, healthy samples, while "abnormal" sites are those identified from 
pathological samples (e.g., samples undergoing Uniparental Disomy (UPD) from Dataset GSE133854 [8]), or 
samples with non-control treatment (e.g., treated with amanitin as in Dataset GSE101571 [9]). Details of whether 
each sample is "normal" or "abnormal" are documented in the column "is.normal" in the phenotype table 
accompanied with the manuscript ("TRUE" for "normal" samples and "FALSE" for "abnormal"; see Supplementary 
Table 7; also available from https://github.com/gao-
lab/HERE/blob/master/report.ver2/210215-sixth- dataset/201221-fifth-phenotype-
collection/sample.stat/all.2071.samples.csv ). 

 
We have also examined the genome enrichment between these two sets of editing sites, gene and location 
(3'UTR, 5'UTR) preference for the overlap sites and the unique sites (which we assume to be normal- or 
abnormal-exclusive sites) (Page 21, Lines 10-11 in main text; Pages 13-15 in 
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supplementary material) (Additional Fig. 2a and Supplementary Fig. 2a). It appears that the overlap sites ("both" 
in the figure) are more 3'-UTR/intron-enriched than the unique sites ("normal only" and "abnormal only") 
(Additional Fig. 2b and Supplementary Fig. 2b). In particular, this enrichment has a clear statistical significance in 
most stages (with the chi-square test p-values being less than 2.2e-16 for most combinations listed in Additional 
Fig. 2b). Whether this is of biological significance or mostly due to technical artifacts and individual variability 
remains to be investigated. 

 
a 
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b 
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Additional Figure 2. Genomic distribution of edits from normal and/or abnormal samples per stage 
(a) and the deviation of 3'-UTR-or-intron edit ratio of the overlap edits from that of the unique edits 
(b). Only stages with both types of samples were shown. All p-values were from chi- square test and 
BH-adjusted. 

 
3. It is better to show more detail on the indicated important ERs. For instance, the REs loss and the 
RNA-seq IGV trance on TTF1, which they mention in embryos with uniparental disomy and those from 
elder mothers. More IGVs of ERs on important genes should be present. 
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We are grateful for this helpful comments, as examining case loci with IGV has greatly helped the test of validity 
of our codes and potential pitfalls of our claims, which we described below. 

 
We made visual inspection of the TTF1 recoding REE-matching edit (chr9:132,375,956) on all PG zygotes and 
identified for sample GSM3928566 that this region was missed by our pipeline due to insufficient read coverage 
(8 compared with the threshold 10 in our pipeline) despite a large count of mismatch-supporting reads, and led 
to a putative false negative call (Additional Fig. 3 and also Supplementary Fig. 17). This case was thus not solidly 
supported, and we moved it to the Discussion where we discussed one of the limitations of this study: the false 
negatives due to insufficient sequencing depth (Page 10, Lines 17-25 in main text). 

 

 

Additional Figure 3. IGV tracks showing read alignment at the TTF1 recoding edit 
(chr9:132,375,956) in the PG zygote GSM3928566 from the dataset GSE133854. 

 
As an alternative, we added the IGV plots of the REE-matching edit chr8:28,190,741 on ELP3 on all normal and 
PG zygotes; 3 out of all 4 PG zygotes have many reads covered at this site with so little editing that they failed to 
pass our identification pipeline (Supplementary Data 1). 

 
We thank again for this helpful comment and added this to Results (Page 6, Lines 13-16 in main text; Page 47, 
Lines 20-21 in supplementary material). 

 
4. Here they used Suv39h2 as the example of RE-induced MBS-gain genes, however they did not show 
the editing level of this REs and the signal change of RNA-seq is also needed, as it will be a supporting 
evidence of the RE-induced maternal mRNA-clearance model. 
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We thank the reviewer for this critical suggestion (and also the suggestions in Comments #5 and #6 below) on 
supporting the relationship among REE, REE-induced MBS, and maternal mRNA clearance with the key evidence 
at the level of expression change. 

 
Upon double-checking the distribution of REEs across stages, we found that most of them were from those stages 
(i.e., oocyte (MI), zygote (2PN), 2-cell (3PN), and 4-cell (3PN)) that have not been included in REE analysis (see 
the renumbered Fig. 2a); in addition, some of these stages have too few samples (<10) to make the REE reliable 
(see Supplementary Table 8 for their sample sizes). We therefore discarded those REEs and kept only three REEs, 
all of which come from oocyte (GV). 

 
We then examined the correlation between their editing level and the FPKM of SUV39H2 in the same sample, 
and found that the only MBS-gaining REE, along with one MBS-neutral REE, has a clear negative Spearman's 
correlation coefficient (Additional Fig. 4), thus supporting the model of REE inducing clearance of maternal mRNA. 

 
 

 
Additional Figure 4. Scatterplot for the editing level of MBS-related REE in oocyte (GV) on SUV39H2 
in each sample and the FPKM of SUV39H2 in the same sample. Note that we only examined for each 
REE those oocyte (GV) samples where this REE was detected; therefore, points for different REEs 
correspond to different sample subsets, and their FPKM might not match completely. The trend of 
association is visualized by linear regression (with line denoting the fitted line and grey shadow 
denoting the 95% confidence interval). 

 
However, when addressing Comment #14 by Reviewer 3, we found that the REEs from oocytes (GV) on this gene 
were not determined to be MBS-gaining any more (as excluded by miRanda). Therefore, we decided to move the 
old Fig. 6e, along with the Additional Fig. 4, into Supplementary Notes (see Supplementary Notes 4 for more 
details) (Page 8, Lines 5-6 in main text; Pages 4, 43 in supplementary material). 
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5. In this manuscript the causal relation between A-I editing induced MBS and maternal RNA clearance 
was not logically convincing, as they only showed a week difference of MBS-gaining REs amount 
between 8-cell decay and undecay genes. Normally a causal relation need to be proved by the rescue 
experiments. More importantly the analysis of RNA level and expression pattern was barely appeared 
in this manuscript, which make it difficult to believe the RE-induced maternal decay model. I can 
understand that the batch effect and individual difference could impact the calculation of FPKM of 
individual genes. Here they analyzed GSE95477 which REs appeared different in yang and old mother, 
and therefore they can further compared the impaction of REs on RNA decay in this two group of 
embryos. For example for the genes loss REs in a particular stage, will the RNA abundance increased 
in this stage or appeared deficient decay in a later stage? 

Concerns about the biological relevance of RNA editing and maternal RNA clearance prohibit further 
consideration by Nature Genetics and Nature Communications. Addressing this point or qualifying 
these conclusions would be necessary for further consideration at Communications Biology. 

 
We thank the reviewer and the editor for pointing out the missing of this key evidence supporting our claim in 
the old Figure 5e (now renumbered as Figure 4e). 

 
The limited sample size in GSE95477 (5 young and 5 old mothers, each of whom has one oocyte (GV) and one 
oocyte (MII)) might not be sufficient to rule out potential batch effects in the single cell-based expression 
profile when analyzing the relationship between FPKM and REE-matching edits in this dataset. Therefore, 
we recommend addressing this relationship within normal samples, where the sample size is larger. See the 
response to Comment #6 of the same reviewer (i.e., the next comment) for more details. 

 
For the sake of completeness, below we examined the trend of RNA abundance upon loss of REE(- matching 
edit)s on GSE95477 samples, consisting of paired oocytes (GV) and oocytes (MII) from these 10 patients. We, 
however, did not regard any results below as being free from major non- biological artifacts like the batch effects 
mentioned by the reviewer. After discarding outlier samples of GSE95477 (as described in Supplementary Notes 
3), 8 patients (4 young and 4 old) were left with a pair of oocyte (GV) and oocyte (MII) samples, further limiting 
the solidity of the conclusions derived therein. 

 
Examine the within-sample correlation 
 
 

We first examined for each maternal gene whether the number of its REE-matching edits in a given sample is 
inversely correlated with its expression (quantified by FPKM) in the same sample. In accordance with the old 
Figure 5e (now renumbered as Figure 4e), we computed the correlation for each gene in each sample group of 
(oocyte (GV)/oocyte (MII), oocytes from young / old mothers). To better estimate the Spearman's correlation 
coefficient of a given gene in a given sample group, we only examined those genes that satisfy all the followings: 
(a) the gene has >= 1 REE-matching edit identified in >= 3 samples of the sample group; (b) the FPKM of this gene 
is always >= 5 across all samples of the stage of the sample group; and (c) the FPKM of this gene must change 
across samples 
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in the sample group (otherwise its variance is zero, and the Spearman's correlation cannot be computed). 

 
As shown in Additional Fig. 5, while the correlation is not uniformly negative, we discovered a statistically 
significant negative shift in correlation coefficients in oocytes (MII) from young mothers compared to oocytes 
(MII) from old mothers, suggesting that more REEs on a given maternal gene is more likely to lead to lower FPKM 
in oocytes (MII) from young mothers than in oocytes (MII) from old mothers. 

 
 

 

 
Additional Figure 5. Distribution of Spearman's correlation coefficient between the number of REE-
matching edits identified on a gene, and its FPKM in the same sample. The sample groups are 
consistent with those in Figure 4e. All p-values were unadjusted and were derived from one-tailed 
Wilcoxon's Rank Sum tests, with the alternative hypothesis being that the median of the correlation 
from young mothers is smaller than that from old mothers. 

 
Examine the cross-stage correlation 
 
 

We then examined for each maternal gene whether the number of its REE-matching edits in the oocyte 
(GV) stage is inversely correlated with its expression (quantified by FPKM) in the oocyte (MII) stage of the paired 
patient. To better estimate the Spearman's correlation coefficient of a given gene in a given sample group, we 
only examined those genes that satisfy both the followings: (a) the gene has >= 1 REE-matching edit 
identified in >= 6 oocytes (GV); and (b) the FPKM of this gene must change across all oocytes (GV) 
(otherwise its variance is zero, and the Spearman's correlation cannot be computed). 
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As shown in Additional Fig. 6, only about half of such genes displayed a negative correlation coefficient, most of 
which are weak (between -0.5 and 0.0), suggesting that the effect of REE- matching edits on expression level in 
subsequent stages, if negative, would be mostly weak. We also note that, for targets of maternal clearance (the 
"decay at 8-cell" genes), the correlation dropped statistically significantly in oocytes of elder mothers. We 
currently do not have an explanation for this. 

 
 

 
 
 

Additional Figure 6. Distribution of Spearman's correlation coefficient between the number of REE-
matching edits identified on a gene in an oocyte (GV), and its FPKM in the oocyte (MII) of the paired 
patient. All p-values were unadjusted and were derived from one-tailed Wilcoxon's Rank Sum tests, 
with the alternative hypothesis being that the median of the correlation from young mothers is larger 
than that from old mothers. 

 
6. If the RE induced MBS enhanced the decay of maternal RNA, could the author show the time course 
of RE gain or loss and RNA abundance change? Also if this model worked, will the editing level of REs 
on maternal decay genes decreased upon the clearance of the edited transcripts. Could the RE induced 
MBSs related with the regulation of translation by miRNA? 

This point would be necessary for further consideration at Communications Biology. 

 
Again, we are grateful for the reviewer and the editor for pointing out this key missing evidence at the expression 
level, and we investigated this extensively, as described below. 

 
We note that a clearance of targeted genes might make it harder to accurately detect editing levels of edits on 
the remaining transcripts of these targeted genes; therefore, current RNA-seq datasets might not be a decent 
data for answering such questions. Nevertheless, to answer all these questions quantitatively, we decided to 
describe REE gains and losses in a more quantitative way by their 
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editing levels, i.e., an increment in a REE editing level describes its gain, and a decrement describes its loss. We 
then examined the time course trend as suggested by the reviewer for each [former stage, latter stage] pair of 
consecutive early stages. 

 
Addressing the first question 
 
 

We examined whether a higher editing level of a given REE in a given former stage is associated with a lower 
expression level of the gene hosting the edit (quantified by FPKM here) in the immediate latter stage. However, 
because samples between consecutive stages could come from different individuals of different datasets, we 
could not examine this association using paired samples for each gene separately. Therefore, we tried to examine 
this association across all pairs of [REE, gene hosting this REE] at once, by computing the Spearman's correlation 
coefficient between the median editing level of a given REE in the former stage, and the median FPKM of the 
gene hosting this edit in the latter stage. 

 
Additional Fig. 7 (also Supplementary Fig. 8) shows that the associations for all consecutive stage pairs examined 
were statistically significantly negative, thus supporting the hypothesis that more REEs on a given gene (in the 
sense of editing level) in a stage could lead to a lower expression level of the same gene in the latter stage. We 
hoped that this answered the first question in this comment. 

 
We added this part to Results (Page 5, Lines 13-15 in main text; Page 22 in supplementary material). 
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Additional Figure 7. Spearman's correlation coefficient between median editing level of a REE in a 
given stage and median FPKM of the gene hosting that REE in the latter stage. Only normal samples 
from early stages were considered. For each stage pair, only genes with FPKM > 0.001 were plotted. 
The trend of association is visualized by linear regression (with orange line denoting the fitted line and 
grey shadow denoting the 95% confidence interval). The p-value shown in each scatterplot is the 
Benjamini-Hochberg-adjusted p-value for two-sided correlation test (computed by R's 
cor.test(method="spearman")). 

 
Addressing the second question 
 
 

For the second question, it is currently impossible to determine from RNA-seq data alone the clearance 
of 'edited' transcripts; we can only tell whether the clearance of all (both edited and unedited) transcripts of a 
target gene of maternal clearance is accompanied by a drop in editing level of REEs on this gene (in, e.g., the 
next stage). Specifically, we examined whether the following is true in general for targets of maternal 
clearance: for a given maternal gene, a drop in its median FPKM upon the transition from the former stage 
to the latter stage is accompanied by a drop in the editing level of a REE on this gene. As is concerned by the 
second question, we focused on those edits that are REEs in the former stage; these REEs could be detected 
as either REE or non-REE in the latter stage (Additional Fig. 8), and we only focused on those that were 
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detected as REE in the latter stage. 
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Additional Figure 8. Count of (gene, REE) pairs for REE-to-REE and REE-to-non-REE groups in each 
early stage transition. Only those (gene, REE) pairs whose gene undergoes a drop in median FPKM 
upon stage transitions, and whose REE is identified as REE in the former stage, were considered. 

 
Additional Fig. 9 shows that in all stage transitions except for zygote -> 2-cell, a drop in median FPKM will in 
general lead to an increment (rather than a decrement as suggested by the reviewer) in the editing level of REEs 
shared between the two stages. A possible explanation is that the addition of these REEs to transcripts is faster 
than the baseline decay speed in these stage transitions (and relatively slower in zygote -> 2-cell transition). While 
we currently cannot test this immediately using the given data modalities, an in vitro quantification of the edited 
and unedited copies of such transcripts involving the ADAR enzymes and the RNA degradation mechanisms that 
have been found to be active in embryonic development (e.g., the CCR4-NOT complex, as suggested by Comment 
#4 of Reviewer #2) might help validate this. We also note that, when comparing editing level changes between 
targets of maternal clearance and other maternal genes, we observed a statistically significant smaller increment 
in median editing level on targets of maternal clearance than on other maternal genes (in oocyte (GV) -> oocyte 
(MII) and zygote -> 2-cell only), possibly suggesting that targets of maternal clearance undergo a faster decay 
than do other maternal genes in these stage transitions. 

 
Because our main focus is not on how these REEs were regulated, we did not include this part in our manuscript. 
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Additional Figure 9. Boxplot of increment in median editing level for (gene, REE) in each early stage 
transition. Only those (gene, REE) pairs whose gene undergoes a drop in median FPKM upon stage 
transitions, and is a maternal gene (could be either targets of maternal clearance or other maternal 
genes), and whose REE is identified as REE in both the former and the latter stages, were considered. 

 
Addressing the third question 
 
 

For the third question, we returned to the results for the first question, and recomputed the Spearman's 
correlation coefficients for each of the three groups of REEs separately: REEs whose hosting transcripts are 
irrelevant to MBS (i.e., no MBS targets were identified in the unedited and edited versions of the transcript at 
all), REEs that gain MBS, and REEs that do not gain MBS but still allow MBS to be identified. Additional Fig. 10 
(also Supplementary Fig. 16) shows that this correlation is 
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observed for the latter two cases (though without a huge difference between them) but not the first, suggesting 
that the REE-related decay, among which REE-induced MBS might contribute much, is mostly associated with 
miRNA-based regulation. 

 
We added this part to Discussion, along with addressing other RNA degradation pathways (e.g., CCR4-NOT; see 
the reply to Comment #4 by Reviewer #2) (Page 9, Lines 7-23 in main text). Briefly, the possibility of REE affecting 
other RNA degradation pathways might partially explain why the negative correlations are similar between those 
target genes whose REE can gain additional MBSs and those whose REEs can't. 
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Additional Figure 10. Spearman's correlation coefficient between median editing level of a REE in a 
given stage and median FPKM of the gene hosting that REE in the latter stage, with (gene, REE) pairs 
grouped by how the REE is related to MBS. Only normal samples from early stages were considered. 
For each stage pair, only genes with FPKM > 0.001 were plotted. The trend of association is visualized 
by linear regression (with orange line denoting the fitted line and grey shadow denoting the 95% 
confidence interval). 

 
7. As they show REs existed from MII oocyte to 2-cell stage, however if the maternal decay occurred in 
8-cell stage, why the transcripts with RE induced MBS keep stable before 8-cell stage? 

And how they would explain the role of RE induced MBSs in undecayed genes(Fig 6d). 

Here the author should explain how they identified the maternal decay genes and what is the identification of 
"others" 

 
We thank the reviewer for pointing out the confusion arising from our lack of writing clarity. 

 
For the first question, we did not claim that the maternal decay occurred in 8-cell stage; rather, we identified 
mRNAs undergoing maternal decay by a considerably lower median of FPKM (<50%) at 8- cell stage compared to 
that in oocytes. These mRNAs might have their expression level dropped in early stages, e.g., 2-cells or 4-cells. 
We had not focused on when the maternal decay occurred for those transcripts with REE-induced MBS. 

 
For the second question (i.e., the role of REE-induced MBSs in the undecayed genes, which we assume to be the 
"others" maternal genes in the old Fig. 6d (now renumbered as Fig. 5d)), we speculated that these MBSs are not 
strong enough (e.g., in the sense that the overall number of MBSs induced on these genes is small compared to 
that on the targets of maternal clearance, as suggested in the old Fig. 6d) to make these genes decay. 

 
For the third question, we have clarified this by updating how we identified maternal decay genes (and also the 
"others" genes) in the subsection "Annotation of maternal genes and targets of maternal mRNA clearance" in 
Methods (Page 17, Lines 20-24 in main text) and all other places where these two terms were used (Page 27, 
Lines 13-15, Page 29, Lines 8-10 in main text; Page 36, Lines 6-8 in supplementary material). 

 
8. Could the proposed model be conservative between species? Is it possible to find conserved 
maternal transcripts with RE induced MBS in mice? 

If feasible, please comment on this analysis, though it could also be addressed as a future 
direction in the Discussion, for further consideration at Communications Biology. 

 
We thank the reviewer and the editor for pointing out this important and interesting direction for the study of 
the role of RNA editing across species. 

 
Due to the expansion of editing-prone Alu elements in human, RNA editing in human is so strong compared to 
that in mouse [10] that the editing profile in adult tissue samples from human and mouse, 



23  

even when only conserved editing sites were considered, would group samples by species (human vs. mouse) 
rather than by tissue type [11], suggesting a mouse-specific editing pattern (and thus a possibly mouse-specific 
working model of A-to-I edits) in mouse early embryos. Therefore, while mouse embryonic A-to-I edits might 
contribute to embryonic development, it is not very likely for them to work mostly by strictly following our 
proposed model. We have updated the discussion above to Discussion (Page 11, Lines 3-11 in main text). 

 
For the second question, it is technically feasible to locate conserved edits between human and mouse (as done 
in adult tissues by Tan et al. [11]) on maternal transcripts. We then believe that such conserved maternal 
transcripts, if exist, would suggest a heavily conserved mechanism of A-to-I editing on regulating clearance of 
maternal transcripts, possibly by inducing MBS. Nevertheless, this direction is out of the scope of our current 
work; therefore, we added this as a future direction to Discussion (Page 11, Lines 11-14 in main text). We also 
note that a similar role of RNA editing affecting the stability of translation of edited maternal mRNAs has been 
proposed, yet to be fully validated, in a previous study of zebrafish A-to-I editing [12]. However, given the 
primate-specific pattern of the Alu-dominated editing landscape, we currently cannot consider this a conserved 
functional role of RNA editing in human early embryos. 

 
Remarks to the Author: Reproducibility 

 
1. Comparison of the number of editing sites between this study and previous reports should be 
considered as quality control. 

 
We thank for this helpful suggestion which helped us to investigate potential effects of technical differences on 
the identification. 

 
We sectionized the detailed reply to make it clear. The final conclusions are: 

 
1. While there does exist a certain previous study (the Qiu et al. [13]) to compare with, its 

identification pipeline could not be fully reimplemented even after several rounds of 
communication with the authors; 

2. Based on our best reimplementation results, we made several attempts and can explain in all 
samples >=75% edits that were identified by Qiu et al. but not us (by our more stringent 
criteria), and in >=75% samples >=66% edits that were identified by us but not by Qiu et al. 
(by differences in the choice of sequence aligners in the first-round alignment and 
realignment); 

3. Therefore, our identification could be considered passing the quality control. 

 
Because the analysis below involves certain third-party software which cannot be made public (as requested by 
the authors of Qiu et al. [13]), we cannot include this analysis in the manuscript for publication. Therefore, we 
decided to present the details of this analysis (with Additional Fig. 11-19 and Additional Notes 1) in the current 
response letter only. We also provided all our codes but the key third-party software for this analysis on our 
GitHub repository (see Section "Additional files for the comparison with Qiu et al. 2016" on the README page of 
https://github.com/gao-lab/HERE). Users 
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who'd like to reproduce these results must request for the corresponding third-party software from the authors 
of Qiu et al. [13] by themselves first. 

 
Choosing the previous study to compare 
 
 

There are two previous reports concerning the distribution of RNA editing sites in human embryos, the Qiu et al. 
[13] and Li et al. [14]. While the former has focused on human embryonic edits and released a detailed list of 
editing sites identified, the latter focused mainly on pig embryonic edits and has no human editing sites released 
for comparison. Therefore, we chose Qiu et al. to compare. 

 
Compare our edits directly with the released edits (with no per-sample 
information) from Qiu et al. 
 
 

We first compared our identified edits with the released edits from Qiu et al.. In Qiu et al., the datasets GSE36552 
and GSE44183 were considered, which were also used by us. We note that Qiu et al. discarded 81-68=13 samples, 
but the released edits were not annotated with the samples from which they were identified. Therefore, we can 
only use the union of our edits identified in all these 81 samples for this comparison. In addition, we noticed that 
Qiu et al. used hg19 as the reference genome, while we used hg38. Therefore, we used UCSC liftOver [15] to lift 
the edits from Qiu et al. to hg38 before comparing them to ours. Edits that could not be lifted to hg38 were 
discarded. 

 
As shown below in Additional Fig. 11, 5,893 edits were identified in both, 2,920 in Qiu et al. only, and 70,980 in 
ours only. 

 
 

 
Additional Figure 11. Direct comparison of edits overlaps between those reported by Qiu et al. [13] (liftOver-ed 
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to hg38) and ours. 
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Reimplement Qiu et al.'s identification pipeline to obtain per-sample edits 
 
 

To explain why we identified much more edits than Qiu et al., we need to first obtain the per-sample edits by 
reimplementing Qiu et al.'s identification pipeline. Because Qiu et al. did not release any source codes publicly, 
we contacted them and requested the codes. We received codes starting from the GATK-recalibrated bam files; 
codes for early steps are currently unavailable from the authors. Therefore, we reimplemented the rest codes 
and tried to reproduce the results, with the exception that we switched to hg38 assembly to avoid artifacts 
introduced by liftOver-ing variants from hg19 to hg38 (see Additional Fig. 12 below for the modification we made 
to switch to hg38; also see https://github.com/gao-lab/HERE/blob/master/README.org for codes of the entire 
reimplementation). We also noted that we do not have access to the unpublished Dai and Mongolian population 
datasets mentioned in Qiu et al., so we did not use them. 

 

 
Additional Figure 12. Modifications we made to Qiu et al.'s pipeline for switching to the hg38 
assembly. Links for features in the table: 1000Genomes, UCSC hg19: 
ftp://hgdownload.soe.ucsc.edu/gbdb/hg19/1000Genomes/phase3/ ; 1000Genomes, UCSC hg38: 
https://hgdownload.soe.ucsc.edu/gbdb/hg38/1000Genomes/ ; GoNL Phase    2: 
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http://molgenis26.gcc.rug.nl/downloads/gonl_public/releases/release2_noContam_noChildren_with_A 
N_AC_stripped.tgz . 

 
Select samples passing the "uniquely mapped bases" filter 
 
 

We then examined the number of samples passing the threshold that the sample should have "over 0.5Gb 
uniquely mapped bases", as described by Qiu et al. [13]. Of all 81 human embryonic samples from GSE36552 and 
GSE44183, 76 passed this threshold (Additional Fig. 13), more than the reported 68 samples in the original paper. 

http://molgenis26.gcc.rug.nl/downloads/gonl_public/releases/release2_noContam_noChildren_with_A


28  

 



29  

Additional Figure 13. The number of uniquely mapped bases per sample examined. The red dashed 
line indicates the threshold of 0.5Gb (i.e., 0.5 * 1E9). 

 
We asked the authors why there's such inconsistency but did not receive any reply yet. We then proceeded with 
the 76 samples. 

 
Summarize the number of edits across all valid samples 
 
 

By running the steps in RNA_editing.pl provided by the authors (see Additional Notes 1 for more details), we 
identified a median of 3,787.5 edits among these samples (Additional Fig. 14a) with a union size of 271,035, far 
exceeding the number reported by the authors (8,813). Furthermore, the overlap between the 271,035 edits and 
the hg38-liftOver version of the reported edits (which is also 8,813) contains only 3,776 edits (Additional Fig. 
14b). 

 
a 
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b 
 
 
 

 
 
 

Additional Figure 14. Distribution of edits identified by a reimplementation of the pipeline directly. 
(a), count of edits identified by reimplementation in each sample. (b), overlap between the edits 
identified in the reimplementation and the edits reported by Qiu et al. [13]. 

 
Therefore, we suspected that this script did not use all the filters. For example, it can only accept one sample at 
a time and thus is not likely to filter against edits found in one sample only (see Filter (7) of Qiu et al. [13]); in 
addition, it might have only computed the p-values for filtering, but did not really use these p-values to filter the 
editing sites. Therefore, we used the intermediate outputs to locate possible p-values and other metrics for each 
of these sites, and filtered them accordingly (for details, see Additional Notes 1). This resulted in a median of 49 
edits among these samples (Additional Fig. 15a) with a union size of 2,700, far lower than the number reported 
by the authors (8,813). In addition, its overlap with the hg38-liftOver 8,813 reported edits contains only 896 edits 
(Additional Fig. 15b). 

 
a 
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b 
 
 
 

 

 
 
 
 

Additional Figure 15. Distribution of edits identified by reimplementation (after re-filtering) of the 
pipeline directly. (a), count of edits identified by reimplementation (re-filtered) in each sample. (b), 
overlap between the edits identified in the reimplementation (re-filtered) and the edits reported by 
Qiu et al. [13]. 

 
Determine the final set of edits identified by Qiu et al.'s pipeline 
 
 

To find out why the number of kept edits after filtering was so low, we decided to make a per-sample comparison 
of edits identified with all but the p-value filter of Step 1 activated, whose reason is detailed below. The p-value 
computed in Step 1 is based on the background mismatch rate, which seemed to be computed from the 
recalibrated bam (using the MismatchStat software). Only those sites whose read distribution is an outlier to the 
overall binomial distribution of all sites in the bam file were kept. However, for an RNA-seq sample, quite a few 
(if not most) of its variant sites could arise from RNA editing. In fact, this has been allowed in the RNA-seq-alone 
RNA editing identification pipeline [16]. Carrying out such a binomial test, therefore, would discard many 
potential RNA editing sites and suffer from a high false negative rate. In addition, re-applying all but this filter 
also gave a total edit count more comparable to the reported than previous ones (median 449.5 and total 13,500) 
(Additional Fig. 16a); its overlap with the reported hg38-liftOver 8,813 edits also contains 3,335 edits, a number 
close to the 3,776 edits before re-applying any filters, suggesting that the p-value computed in Step 1 might have 
not been applied by the authors at all (Additional Fig. 16b). 

 
a 
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b 
 
 
 
 
 

 
 
 
 
 

Additional Figure 16. Distribution of edits identified by reimplementation (after re-filtering without 
Step 1's p-value filter) of the pipeline directly. (a), count of edits identified by reimplementation (re-
filtered without Step 1's p-value filter) in each sample. (b), overlap between the edits identified in the 
reimplementation (re-filtered without Step 1's p-value filter) and the edits reported by Qiu et al. [13]. 

 
Compare per-sample edits between Qiu et al.'s pipeline and ours 
 
 

We compared the identified editing sites by Qiu et al's pipeline (named 'Qiu2016') and those by ours in the 
corresponding samples (named 'ours'). We found that the overlap between these two (defined as the number of 
edits identified in both divided by the number of edits identified in at least one of them) was very poor, with a 
median of 5.85% and a maximum of 10.29% (Additional Fig. 17). 
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Additional Figure 17. Overlap of edits between those identified by ours, and those identified 
by reimplementation (after re-filtering without Step 1's p-value filter) of the pipeline 
directly. 

 
We then decided to explain why there is such a huge discrepancy between the two pipelines. 

 
Explain our 'false negatives' with respect to Qiu2016 
 
 

We first examined our 'false negatives' with respect to Qiu2016 in each sample, defined as edits identified by 
Qiu2016 but not by ours. There are in total 9,798 edits (with a median of 251 in each sample) that are determined 
to be 'false negatives'. After a careful checking we can explain >75% false negatives in all samples with the 
following reasons: (1) we discarded sites with multiple alternative alleles identified (explaining a median of 3.91% 
false negatives); (2) we used a more comprehensive set of population genotypes from worldwide cohorts 
(explaining 54.58%); (3) we discarded sites with invalid sample occurrence (note that we required non-Alu sites 
to be identified at least twice in the same normal stage or the same abnormal stage, not across all samples; 
explaining 10.13%); and (4) we discarded sites whose event on the known transcripts does not contain the A-to-
G case (explaining 20.28%) (Additional Fig. 18). 
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Additional Figure 18. Possible reasons and % explained false negatives (FN) for each reason in each 
sample. The intercept of the dashed line is 0.25. 

 
Explain our 'false positives' with respect to Qiu2016 
 
 

We then examined our 'false positives' with respect to Qiu2016 in each sample, defined as edits identified by 
ours but not by Qiu2016. There are in total 108,877 edits (with a median of 3,058 in each sample) that are 
determined to be 'false positives'. After a careful checking we can explain >=66% in >=75% samples with the 
following reasons: (1) some sites were not aligned to the genome by TopHat2 in the first round alignment 
(explaining a median of 2.81% false positives); (2) some sites were not supported by any reads at all in BWA 
realignment (explaining 34.96%); and (3) some sites were supported by at least one read in BWA realignment, 
but were still discarded anyway (explaining 40.48%) (Additional Fig. 19). 
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Additional Figure 19. Possible reasons and % explained false positives (FP) for each reason in each 
sample. The intercept of the dashed line is 0.34. 

 
Final conclusions 
 

1. While there does exist a certain previous study (the Qiu et al. [13]) to compare with, its 
identification pipeline could not be fully reimplemented even after several rounds of 
communication with the authors; 

2. Based on our best reimplementation results, we made several attempts and can explain in all 
samples >=75% edits that were identified by Qiu et al. but not us (by our more stringent 
criteria), and in >=75% samples >=66% edits that were identified by us but not by Qiu et al. 
(by differences in the choice of sequence aligners in the first-round alignment and 
realignment); 

3. Therefore, our identification could be considered passing the quality control. 

2. In Fig2a, only 23% sites were shared between normal and abnormal samples, what is the potential 
biological explanation? 

 
We thank for the reviewer for pointing out this interesting observation, which helped us to investigate potential 
technical limitations of our identification. Currently, we have two possible reasons for this small overlap. 

 
The first reason for such a small overlap is the fact that normal and abnormal samples in our collection are not 
aligned at the stage level. In particular, only the following stages have both normal and abnormal samples at the 
same time: zygote, zygote (2PN), 2-cell, 4-cell, 8-cell, and morula. Each of all other stages consists of only normal 
samples, or only abnormal samples, but not both types of samples at the same time, thus contributing to some 
of the normal/abnormal-specific edits. 

 
The second reason might be the insufficient detectability of RNA edits in samples that were less deeply 
sequenced. As shown in Additional Fig. 20, for each of the stages with both normal and abnormal samples, the 
more bases were sequenced, the more edits would be identified. 
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Additional Figure 20. Scatterplot of the count of edits identified vs. count of total bases 
sequenced in each sample. 

 
As a consequence of this issue, samples from the same group would be more likely to have a large overlap in 
their edits, if their sequence depths are more similar (Additional Fig. 21). Nevertheless, even for the most similar 
pairs, the overlap is still too low (0.3~0.4), suggesting that the current sequencing depth is still not large enough 
for a complete description of the editing events in human embryos. 
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Additional Figure 21. Sample pair scatterplot of the overlap ratio (defined as the number of
edits identified in both samples divided by the number of edits identified in at least one of the
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samples) vs. the distance of sequencing depth (defined as the absolute difference between the
log10(count of total bases sequenced) ). Good/bad viab., predicted to be of good/bad viability (see
the paper of GSE65481 [17] for more details).

This is one of the reasons why we currently focus on REEs, a subset of RNA editing patterns that
occurs in at least half of embryos and is unlikely to be false positives upon observation due to
insufficient sequencing depth. We note that this trend was inversed in certain groups of 8-cell and
morula (i.e., 8-cell/abnormal/AG and morula/abnormal/AG); however, we note that in these stages the
number of REEs is much lower compared to that in earlier stages (Fig. 2b), which suggests a lower
editing activity (with respect to REEs) and might bias this trend anyway, and therefore we cannot
conclude immediately that sequence depths in these samples are high enough for complete detection
of RNA edits. Interestingly, this trend is stronger in normal samples than in abnormal samples, which
might be due to the dysregulation of RNA editing in these abnormal samples.

Aside from the possible reasons above, we also note that, while individual variation might bring
observable differences within normal or other samples, this difference did not seem to contribute the
most to the overall variation, as otherwise all these samples should mix across stages (Additional Fig.
22).
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Additional Figure 22. Editing level-based Uniform Manifold Approximation and Projection (UMAP) 
plot for samples from stages with both normal and other samples available. The generation of the 
editing level table for dimensional reduction followed that of [11], except that only edits passing our 
editing level threshold (i.e., >=0.1) were considered. 

 
We did not include these in our manuscript, as the overlap of general edits between normal and abnormal 
samples is not our major focus here. 

 
3. Does the number in Fig2b represent intersect or union number of sites from different replicates of 
the same sample? Also, number of reproducible sites from different replicates was expected as quality 
control. 

 
We thank the reviewer for this comment and the suggestion. 
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For the question, the number in the old Fig. 2b (now renumbered as Supplementary Fig. 3) represents the union 
number of sites from different (biological) replicates, if any, of the same sample. Technically speaking, however, 
our curation was based on 18 different RNA-seq datasets from various studies, and therefore samples from the 
same stage are very likely to come from different individuals with different genetic backgrounds, and should not 
be regarded as replicates in the strict sense. 

 
For the reviewer's suggestion on using the number of reproducible sites as quality control, we did not find any 
study of identifying A-to-I edits from large-scale RNA-seq human samples (including the famous GTEx-based 
identification [11]) that used this metric as quality control. Rather, the RNA-seq- alone identification developed 
by Ramaswami et al. [16] did consider Alu edits identified in only one sample as valid edits. On the other hand, 
we note that our focus on the human early embryonic editing sites, REE, could be regarded as a highly 
reproducible subset of edits, because they are defined to be observed across >=50% of samples. 

 
We have added the union description for the number to the old Figure 2b (now renumbered as Supplementary 
Figure 3) legend (Page 4, Line 21 in main text; Pages 16-17 in supplementary material). 

 
4. P7.l149 seems should be "median" instead of "mean". 

 
We thank the reviewer for pointing out the misuse of these terms. 

 
We corrected all misuses of "mean"/"median" (Page 27, Lines 8, 12, and Page 29, Lines 4, 8 in main text; Page 
36, Line 6 in supplementary material). 

 
 

Reviewer #2 information 
 

Remarks to the Author: Overall significance 

 
By curating and analyzing the largest human embryonic editome to date, Ding and coauthors showed that the 
human preimplantation embryos at various embryonic stages harbour thousands of REs that are preferably 
exonic and highly shared between stages at the editing site. They also proposed that these REs could potentially 
enhance maternal mRNA clearance, a process that is crucial for successful maternal-to-zygotic transition, by 
introducing more MBSs to clearance targets than to other maternal genes. 

 
We thank the reviewer for the nice and concise summary. 

 
Remarks to the Author: Impact 

 
This study introduced the first large-scale A-to-I RNA editome for early human embryos, the analysis of which 
revealed a consistent early-stage editing pattern (of REs) with probable functional 
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importance in microRNA-based maternal mRNA clearance. The editome itself is a valuable resource for further 
examination of the interplay between maternal RNAs and early embryo development. However, many of the 
conclusions need to be experimentally confirmed. And some key hypotheses also need to be examined by bench 
works. 

While experimental validation of results would not be necessary for further consideration 
at Communications Biology, the lack of new data should be explicitly stated as a limitation 
and all relevant conclusions regarding maternal RNA clearance pathways should be 
appropriately qualified. 

 
We thank the reviewer for the praise regarding our editome, as well as one of the key drawbacks of our study 
(as also raised by the editor) that we lack experimental validation of our results. 

 
We added the statement describing the limitation of lack of new data as discussed below in Comment #5 of the 
"Strength of the claims" section of Reviewer 2 (Page 10, Lines 10-12 in main text). We also addressed all relevant 
conclusions regarding maternal RNA clearance pathways (including those concerning the relationship between 
REEs and gene expression levels), as discussed in Comments #4- #8 of Reviewer 1, Comments #4 and #6 of the 
"Strength of the claims" section of Reviewer 2, and Comments #9, #14, #15, #18 of Reviewer 3. Please see the 
reply to each of these comments for more details. 

Remarks to the Author: Strength of the 

claims Specific comments: 

The title of "Large-scale identification of recurrent RNA edits in human embryos" is unclear. While the authors 
only investigated A-to-I RNA editing in human preimplantation embryos, it is better for them to be more specific 
in defining the scope of research in the title. 

We generally recommend that the title be written as a declarative statement (<15 words) 
that includes any key species, protein, or gene names. 

 
We thank the reviewer and the editor for the comments that make the title more specific. 

 
We have rewritten the title as "Recurrent RNA edits in human preimplantation potentially enhance maternal 
mRNA clearance" (11 words) (Page 1, Lines 1-2 in main text). 

 
The reader would benefit from a more detailed description of A-to-I RNA editing (i.e., frequency, sequence 
preference, and distribution in the 5' and 3' untranslated region, coding sequences of mRNAs) and the 
biochemical pathways underlying this edit (i.e., enzymes and RNA-binding proteins that mediate this post-
transcriptional modification) in the Introduction section. 

 
We thank the reviewer for pointing out the lack of such background description that would benefit readers 
more on RNA editing. 
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We have detailed current knowledge of the landscape of human RNA edits in Introduction, as the reviewer has 
suggested (Page 3, Lines 5-9 in main text). Because our main focus is the potential consequences, rather than the 
mediators, of A-to-I editing, we briefed the ADAR enzyme and its target (double-stranded RNA) in the 
Introduction (Page 2, Lines 20-22 in main text). 

 
The authors should be sure to define abbreviations in figure legends and in the main text and minimize the 
number of abbreviations. As the manuscript is now, it is difficult to follow the flow on the story due to so many 
abbreviations. 

Please avoid abbreviating terms unless they are used five or more times. We ask that you 
avoid all non-standard 2 letter abbreviations. 

 
We thank the reviewer and the editor for the comments on avoiding filling the manuscript with too many 
different abbreviations. 

 
As described in the summary, we have replaced the term "RE" (Recurrent Edit) with "REE" (Recurrent Embryonic 
Edit). 

 
In addition, we have replaced all abbreviations below with their full names or alternative descriptions: NCBI, GEO; 
AMA (for advanced maternal age); GO (for Gene Ontology); CDS (for coding sequence); scDNA-/RNA-seq (for 
single-cell DNA-/RNA-seq). 

 
The following abbreviations were removed from the main text, but kept in the old Fig. 2b (now renumbered as 
Supplementary Fig. 3), the old Fig. 3b (now Fig. 2b), and the old Supplementary Fig. 8 (now Supplementary Fig. 5), 
because they are standard abbreviations used in embryonic studies and are needed to describe the number of 
samples per stage: oocyte (MI), PN, TE, ICM, hESC, CTB, STB, EVT, MTB. 

 
The following standard abbreviation was kept in figures to save plotting space: BH-adjusted (for Benjamini-
Hochberg-adjusted). 

 
The following abbreviations were kept because they are standard and used >=5 times: oocyte (GV), oocyte (MII); 
BI, AG, PG (used by [8]). 

 
The following abbreviation was kept because they are used >=5 times: MBS. 

 
The authors showed that A-to-I RNA editing could potentially enhance maternal mRNA clearance, by introducing 
more MBSs to clearance targets than to other maternal genes. However, the role of an microRNA-based 
regulatory mechanism in maternal mRNA clearance has not been confirmed in mammalian early embryos. 
Therefore it is reluctant to explain the association of A-to-I RNA editing with maternal mRNA decay using this 
mechanism. Potential involvement of A-to-I RNA editing in PAN2-PAN3, CCR4-NOT, and exosome mediated RNA 
clearance pathways should be considered. 

Please acknowledge these other pathways and appropriately qualify conclusions regarding 
maternal clearance, for further consideration at Communications Biology. 
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We are very grateful to the reviewer and the editor for pinpointing these key components of RNA degradation 
we had missed previously, and we detailed our analyses on them as shown below. 

 
We first examined whether the A-to-I edits could affect the key gene in each of these pathways. Specifically, we 
examined whether REEs target the following genes: 

 
1. PAN2-PAN3 [18] : 

a. Core subunits: PAN2, PAN3 

2. CCR4-NOT [19] : 

a. Scaffold: CNOT1 

b. Unknown but contributes to stabilization of the complex and RNA substrate 
recruitment: CNOT2, CNOT10, CNOT11 

c. Interaction with ribosomes: CNOT3 

d. Ubiquitin E3-ligase activity: CNOT4 

e. Deadenylase: CNOT6, CNOT6L, CNOT7, CNOT8 

f. Transcriptional cofactor: CNOT9 

g. Multifunctional: TNKS1BP1 

3. RNA exosome [20]: 

a. Subunit of the 6-subunit ring of the 10-subunit core exosome: EXOSC4, EXOSC5, 
EXOSC6, EXOSC7, EXOSC8, EXOSC9 

b. Subunit of the 3-subunit cap of the 10-subunit core exosome: EXOSC1, EXOSC2, 
EXOSC3 

c. Ribonuclease/Catalytic subunit: DIS3 

d. Riboexonuclease subunit: EXOSC10 

e. Nuclear exosome cofactor: TENT4B (also known as PAPD5), ZCCHC7, MTREX (RNA 
helicase; also known as MTR4), MPHOSPH6 (also known as MPH6 and MPP6), C1D, 
SETX, ZCCHC8, RBM7 

f. Cytoplasmic exosome cofactor: SKIV2L (RNA helicase), TTC37 (whose yeast ortholog 
is Ski3), WDR61 (whose yeast ortholog is Ski8), HBS1L (isoform 3; whose yeast 
ortholog is Ski7) 

 
We found that multiple REEs target EXOSC6 in oocyte (GV), oocyte (MII), and zygote, and a single REE targets 
CNOT6 in 2-cell (Additional Fig. 23 and also Supplementary Fig. 24). While the function of EXOSC6 has been rarely 
studied, the mouse ortholog of EXOSC10 in the RNA exosome degradation pathway has been found to be 
required for the growth-to-maturation transition in oocytes 
[21] and eight-cell embryo/morula transition [22]; therefore, it is also possible that A-to-I editing on EXOSC6 is a 
preferred regulation on the RNA exosome degradation pathway by oocytes (GV), oocytes (MII), and/or zygotes. 
On the other hand, the mouse ortholog of CNOT6 gene has been found to regulate deadenylation of mRNAs in 
mouse oocyte growth and maturation [23], and the mouse CCR4-NOT complex itself is also found to be involved 
in regulating 2-cell-specific genes [24], suggesting the possibility that A-to-I editing on CNOT6 might be preferred 
in the 2-cell stage as well. 
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Additional Figure 23. EXOSC6 and CNOT6 are the REE-targeted genes of the RNA degradation 
pathways in question. (a), editing profile of REEs on EXOSC6 across oocyte (GV), oocyte (MII), and 
zygote stages. (b), UCSC track of EXOSC6-targeting REEs. (c), editing profile of the single REE on CNOT6 
in the 2-cell stage. 

 
Because the CCR4-NOT complex is known to target 3'-UTR of mRNAs with certain sequence motifs [25], we also 
examined whether REEs could lead to gain or loss of such motifs. Specifically, we examined the Pumilio-response 
element (PRE) UGUANAUW (where N is any nucleotide and W is either A or U) [26], and the AU-rich element 
(ARE) UUAUUUAUU [27]. In addition, we also examined the hnRNP A1 and A2/B1 binding site UAASUUAU (where 
S is either C or G) as discovered in [28]. We found that REEs in normal early stages did alter 6 motifs for 5 genes 
(Additional Fig. 24 and Supplementary Fig. 25), suggesting that A-to-I could indeed be able to affect (CCR4-NOT-
based) RNA degradation at the level of CCR4-NOT sequence motif. 
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Additional Figure 24. Editing profile for normal early stage REEs that alter the CCR4-NOT 
sequence motifs. 

 
We also note that the miRNA-based maternal mRNA decay pathway, if exists, might still be able to recruit PAN2-
PAN3 and CCR4-NOT via the protein TRNC6A (also known as GW182) as discovered earlier [25,29–31]. Therefore, 
miRNA binding sites introduced by A-to-I edits might further enhance the degradation of target mRNAs by PAN2-
PAN3 and CCR4-NOT-based pathways. 

 
We added the above as Supplementary Notes 5 (Pages 4-6, 44-46 in supplementary material) to Discussion (Page 
9, Lines 7-23 in main text). 

 
The occurrence and functions of A-to-I RNA editing in human preimplantation embryos are completely based on 
high throughput data analyses. The results of analyses are no doubt valuable, but it is equally important to 
experimentally confirm the location of A-to-I RNA editing on some representative maternal transcripts, and 
provide experimental results that support the hypotheses that A-to-I RNA editing indeed affect the dynamics of 
maternal mRNA clearance. 

 
We completely agree with the reviewer's concern about the lack of experimental support for our computational 
results. 
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Due to technical limitations, we were unable to carry out experimental validations on these transcripts by 
ourselves. We did not find any other experimental evidence from previous studies that support our hypotheses. 
We added this limitation of our work to Discussion (Page 10, Lines 10-12 in main text). 

 
In Figure 7, there is an error about the dynamics of maternal mRNA clearance in human embryos: the major wave 
of maternal mRNA clearance occurs at the 8 cell stage, not after blastocyst formation as is shown in the left corner 
of the proposed model. 

 
We thank the reviewer for highlighting this subtle yet serious problem. 

 
We corrected this error (now renumbered as Fig. 6; Page 30, Lines 1-2 in main text). 

 
Authors need to follow the guidelines of gene symbols, protein symbols, RNA symbols. Based on our 
understanding gene and RNA symbols should be italicized. 

Please ensure all gene and RNA symbols are italicized in the text and figures. 

 
We thank the reviewer and the editor for reminding us of following the guidelines. 

 
We italicized all gene and RNA symbols. For cases where the entity referred to is a protein (e.g., "ADAR" in "ADAR-
binding motif"), we did not italicize them. 

 
 

Reviewer #3 comments 
 

Remarks to the Author: Overall significance 

 
In the submitted manuscript, the authors reported their analysis of A-to-I RNA editing in human embryos. They 
found that editing is diminished in abnormal embryos and that it can introduce microRNA binding sites in 3'UTR 
of maternal transcripts to facilitate their clearance. The topic of the study is interesting and might be clinically 
relevant to reproduction and fertility. Nevertheless, I think the work can be further improved. 

 
We thank the reviewer for the encouraging comments on our study. 

 
Remarks to the Author: Impact 

 
Communications Biology would be most appropriate for the manuscript. 

 
We thank the reviewer for the recommendation of our study to Communications Biology. 

 
Remarks to the Author: Strength of the 

claims Major comments: 
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1) The authors should elaborate more about their analysis steps in the main text. Details of any 
additional filters applied (besides SNP removal) are missing from Figure 1b. As written, there seems 
to be nothing special about the authors' computational pipeline. 

A similar point was raised by Reviewer #1. 

 
We thank the reviewer and the editor for pointing out the lack of enough details in our writing of methodology. 

 
As discussed in the reply to the first question of Reviewer #1, we had detailed these steps in the previous 
Supplementary Notes 1 (Supplementary Notes 6 in the revision) in the original manuscript, and in the revised 
manuscript we reorganized this part to make each filter clear to readers (Pages 8-12 in supplementary material). 
Because we had adapted a well-established pipeline from Ramaswami et al. [16], most of our steps are identical 
to its and we had only highlighted the adaptations we made to this pipeline in Figure 1b. The major change to the 
pipeline in this adaptation is the usage of additional genotypes from worldwide cohorts that span hundreds of 
thousands of people [3,4]. This adaptation thus stringently filters against false positives from those genomic 
variants that can emerge at this size of human population. 

 
2) Figure 1 should include the distribution of all 12 possible types of nucleotide changes (A-to-C, A- to-
G, A-to-T etc) after variant calling with or without application of additional filters. 

A similar point was raised by Reviewer #1. 

 
We thank the reviewer and the editor for this nice suggestion to further solidify the reliability of our identification 
pipeline. 

 
We have updated Figure 1 (which we assumed to be Figure 1d) with the distribution plot across all possible 12 
types of nucleotide changes (Additional Fig. 25 and Supplementary Fig. 1; it is too big to be put into the main 
figure) (Page 21, Lines 5-6 in main text; Page 13 in supplementary material). As discussed in Supplementary Notes 
6, previous studies have identified potentially functional RNA edits that are located on transcripts of different 
orientations [5–7], and therefore we also plotted them separately. From the plot, it is clear that our pipeline did 
filter out false positives effectively, and the remaining variants are mostly A-to-G and A-to-G-or-T-to-C variants, 
consistent with the expected variant type distribution of RNA editing pipeline identification. 
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Additional Figure 25. Distribution of all possible types of nucleotide changes (see also Figure 1d). Because it is 
impossible to tell what type of RNA variant is when the variant location is on two transcripts of different 
orientations (e.g., "A-to-G" and "T-to-C"), and because previous studies have observed such edits with potential 
functions (see discussion in the subsection "Filter against unreliable variants" in Supplementary Notes 6) [5–7], 
we plotted such variants separately rather than treated them as the "mixed variants", where multiple types of 
variants were observed at the same location. 

 
3) Figure 1D: How was the false positive (FP) rate calculated? Please describe in main text. 

We thank the reviewer for locating this lack of explanation of this critical metric. 

We have added the following description of FP (Page 4, Lines 13-15, and Page 21, Lines 3-4 in main text). The FP 
rate is the ratio of A-to-I RNA edits identified that matched the DNA variants in the same cell (note that this is a 
DNA-RNA-paired single-cell sequencing dataset). 

 
4) The A-to-G percentage should be given for non-Alu and Alu sites separately. 

 
We thank the reviewer for the suggestion of examining the A-to-G percentage on different types of edits 
separately. 

 
We have updated all plots with A-to-G percentage in Alu- and non-Alu-subsets (Additional Fig. 26 and 
Supplementary Fig. 6) (Page 21, Lines 11-12 in main text; Page 21 in supplementary material). 
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Additional Figure 26. Distribution of percentage of A-to-G variants for Alu and non-Alu sites 
separately. 

 
5) The authors should calculate the Alu editing index (AEI) for each sample. Does the extent of editing 
correlate with ADAR expression levels? 

This point would be necessary for further consideration at Communications Biology. 

 
We thank the reviewer and the editor for reminding this useful metric of RNA editing. 

 
The original AEI computed by https://github.com/a2iEditing/RNAEditingIndexer as published by Roth et al. [32] 
starts from RNA-seq read alignments (in BAM format) and calls the RNA edits by its own pipeline. This pipeline 
does not consider the various filters we used in our pipeline. To compute the AEI more accurately, we re-
implemented AEI following the definition of Roth et al., i.e., "weighted average [of editing index] over [all] tens 
of millions of genomic adenosine sites located within Alu sequences, where the weights are the coverage of each 
site", where "editing index" for a given adenosine site is defined as "the ratio of the number of A-to-G mismatches 
to the total coverage of adenosines (that is, the sum of the number of A-to-G RNA-DNA mismatches and A-A 
matches in these regions)". 

 
In practice, we skipped the Steps 1-3 in Supplementary Notes 4 (Pseudocode) of Roth et al., and started from 
Step 4 (see the code at https://github.com/gao- lab/HERE/blob/master/scripts/A02_10_compute_AEI/run.R). 
Specifically, (a) because Roth et al. have demonstrated that their strand selection strategy (Fig. 1d and Methods 
in Roth et al. [32]) "has a high agreement between the [Alu-editing] indexes calculated both with and without 
taking into account the correct strand information (Fig. 2a, Supplementary Fig. 1 and Supplementary Notes 1)", 
for simplicity we assumed all datasets were unstranded, and followed the "Strand assignment" section in 
Methods of Roth et al. to determine the strandness for each Alu element in each sample; (b) to make the results 
consistent with our pipeline, we used GENCODE version 32 instead of RefSeq, and for (3) of "Strand assignment", 
we used for each sample its own expression profile to determine the expressed strand. We then took the signal-
to-noise ratio (as suggested by legend of Fig. 1d in Roth et al., with the 'mismatches of other sources' chosen to 
be C-to-T index as suggested by Roth et al.), and used it as the AEI. 
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The overall AEI across all stages is slightly lower than that in adult tissues reported by Roth et al. (Additional Fig. 
27 and Supplementary Fig. 20, boxplot part). We also noted that a number of samples do not have valid AEI due 
to their control index (which is used to divide the raw AEI to get the final AEI) being 0 (Additional Fig. 27 and 
Supplementary Fig. 20, barplot part). 

 
 

 
 

Additional Figure 27. Distribution of AEI across different stages of embryonic samples. 
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Their correlations with ADAR expression are not statistically significant (Additional Fig. 28 and Supplementary Fig. 
21), which is consistent with the observation that such correlation is rather weak in adult human tissues [32]. 

 
 

 
 

Additional Figure 28. Histogram of Spearman's correlation coefficients between AEI and ADAR FPKM 
for each normal stage with >=10 normal samples. All those that have a Benjamini- Hochberg-adjusted 
p-value for the correlation coefficient test (with the alternative hypothesis being that the correlation 
coefficient is larger than 0) that is no less than 0.05 were considered not significant (NS). 

 
We added the above analysis to Supplementary Notes 2 (Page 4, Line 22 in main text; Pages 2-3, 41- 42 in 
supplementary material). Nevertheless, we cannot conclude immediately that these results support or disqualify 
our identification, because while these results might reflect the true underlying biological mechanism, the 
number of edits identified is still associated with the sequencing depth (see the reply to Comment #2 of the 
"Reproducibility" section by Reviewer #1 above), thus biasing the results observed here. 

 
6) Figure 1 & 2 can be combined. 
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We thank the reviewer for the recommendation of combining the two figures, and we combined them into one 
(Pages 20-21 in main text), with the original Figure 2b subtracted and renamed as Supplementary Figure 3 (Pages 
16-17 in supplementary material). 

 
7) What is the number of samples for each developmental stage (Figure 3b)? 

 
We thank the reviewer for pointing out the lack of this important methodological detail. 

 
Based on the original per-sample table (Supplementary Table 7; see reply to Comment #2 of Reviewer #1), we 
have added Supplementary Table 8 and Supplementary Figure 5 (also shown below as Additional Fig. 29) (Page 
12, Lines 11-12 in main text, and Pages 20-21, 46-47 in supplementary material) describing the number of samples 
for each developmental stage. 
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Additional Figure 29. Count of normal or abnormal samples (in log10 scale) in each stage. Groups 
labeled with * have only one sample. GV, germinal vesicle. MI, metaphase of first meiosis. MII, 
metaphase of second meiosis. PN, pronuclear. TE, trophectoderm. ICM, inner cell mass. hESC, human 
embryonic stem cell. CTB, cytotrophoblast. STB, syncytiotrophoblast. EVT, extravillous trophoblast. 
MTB, migratory trophoblast. 

 
8) Figure 3c,d: It would be useful to show similar graphs for later developmental stages (morula and 
afterwards) as well. Is the preponderance of sites in 3'UTR observed only in the earlier developmental 
stages? 
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This point would be necessary for further consideration at Communications Biology. 
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We thank the reviewer and the editor for the suggestion of completing the analysis of RNA editing in both earlier 
and later developmental stages. 

 
We have added similar graphs of the old Fig. 3c and 3d (now renumbered as Fig. 2c and 2d, respectively) for these 
samples (Additional Fig. 30 and Supplementary Fig. 9) (Page 23, Lines 6-8 in main text; Pages 22-23 in 
supplementary material). We found that the preponderance of sites in 3'- UTR was also observed in samples from 
later developmental stages, though with a limited number of REEs. 

 
a 

 
 

 
 
 

b 
 
 

 
 
 

Additional Figure 30. Percentage of exonic edits and REEs (a) and percentage of 3'-UTR REEs 
(b) in the late stages of embryogenesis. In (a), each stage label is appended with an additional label 
describing the number of exonic edits (or REEs) / the number of total edits (or REEs). 
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9) Genes with recurrent edits (REs) in early stages - do their expression levels go down in later 
developmental stages (morula and afterwards), indicative of transcript degradation? 

 
We thank the reviewer for proposing this potentially important role of RNA editing that might affect post-
implantation embryo development by editing pre-implantation transcripts, which we had not considered 
previously. 

 
Because the reviewer did not explicitly state which specific early stage(s) we should compare with the "morula 
and afterwards" stages, we assumed that the reviewer was referring to the 8-cell stage, the only stage that 
precedes morula immediately. In 8-cell, however, most maternal mRNA clearance ends [33], and a wave of 
zygotic genome activation can be observed [34]. Under such drastic transcriptomic changes, it is technically 
difficult to tell whether 8-cell REEs (which are very few (~100, see Fig. 2b)) are a major contributor to transcript 
degradation. 

 
Nevertheless, we examined whether the editing level of these 8-cell REEs is negatively correlated with the 
expression level of their targeted genes in morula and subsequent stages, as suggested by the reviewer. We did 
not add this to our manuscript, because currently, we cannot tell whether the result was biased by the end of 
maternal mRNA clearance and the wave of zygotic genomic activation mentioned above. As shown below, this 
negative correlation did exist for these 8-cell-REE-targeted genes (Additional Fig. 31), and we could conclude in 
the sense of computational correlation (but not biological causality) that these REEs might be indicative of 
transcript degradation. 

 

 
Additional Figure 31. Editing level of 8-cell REEs was negatively correlated with the morula, 
blastocyst (late), and ICM expression levels of their target genes. Only normal samples from early 
stages were considered. For each stage pair, only genes with FPKM > 0.001 were plotted. The trend of 
association is visualized by linear regression (with orange line denoting the fitted line and grey shadow 
denoting the 95% confidence interval). 



64  

10) The authors wrote that "An initial scan revealed 107 edits on 76 genes that were REs in normal 
embryos, but completely lost in the same stage in pathological embryos and embryos from elder 
mothers." What is the initial scan? Please provide more details on how the 107 edits on 76 genes were 
shortlisted. 

 
We thank the reviewer for pointing out the lack of methodological clarity in this analysis. We added the following 
to Methods (Page 14, Lines 1-24, and Page 15, Lines 1-4 in main text) to make it clear: 

 
We started with all REEs identified in oocytes (GV), oocytes (MII), zygotes, 2-cells, 4-cells, 8-cells, and morula. 
Then, we selected the union of the following REEs as the set of 107 edits: 

 
1. For REEs identified in oocytes (GV), we selected those that could not be detected in any 

oocytes (GV) from elder mothers from GSE95477 [35]; 

2. For REEs identified in oocytes (MII), we selected those that could not be detected in any 
oocytes (MII) from elder mothers from GSE95477 [35]; 

3. For REEs identified in zygotes, we selected those that could not be detected in 
any androgenetic (AG) zygotes from GSE133854 [8]; 

4. For REEs identified in zygotes, we selected those that could not be detected in 
any parthenogenetic (PG) zygotes from GSE133854 [8]; 

5. For REEs identified in 2-cells, we selected those that could not be detected in any AG 2-cells 
from GSE133854 [8]; 

6. For REEs identified in 2-cells, we selected those that could not be detected in any PG 2-cells 
from GSE133854 [8]; 

7. For REEs identified in 4-cells, we selected those that could not be detected in any AG 4-cells 
from GSE133854 [8]; 

8. For REEs identified in 4-cells, we selected those that could not be detected in any PG 4-cells 
from GSE133854 [8]; 

9. For REEs identified in 8-cells, we selected those that could not be detected in any AG 8-cells 
from GSE133854 [8]; 

10. For REEs identified in 8-cells, we selected those that could not be detected in any PG 8-cells 
from GSE133854 [8]; 

11. For REEs identified in morulae, we selected those that could not be detected in any 
AG morulae from GSE133854 [8]; 

12. For REEs identified in morulae, we selected those that could not be detected in any 
PG morulae from GSE133854 [8]. 

For each site, was there sufficient sequencing coverage in the abnormal embryos? What were the editing 
levels of these 107 sites in the normal embryos? 

 
We thank the reviewer for the suggestion of a more detailed examination of these edits, which would help 
readers better identify those edits of interest. 
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For the first question, we examined the sequencing coverage and editing level on these sites (Additional Fig. 32 
and Supplementary Fig. 10) (Page 27, Lines 1-2 in main text; Pages 23-26 in supplementary material) and found 
that, while most of these sites have been sequenced (i.e., with non- zero coverage), in a number of GSE133854 
samples the coverage did not pass the 10 threshold in our identification pipeline, suggesting that the absence of 
these edits might be potentially false negatives. 
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Additional Figure 32. Coverage of each of the 107 REE in the samples from elder mothers (a), 
androgenetic/parthenogenetic zygotes (b), or the parthenogenetic 2-cells (c). For each of these 
embryo types, only those REEs determined to be completely lost were displayed. 

 
For the second question, we plotted the editing level of these REEs in the corresponding stages (Additional Fig. 
33 and Supplementary Fig. 11) (Page 27, Lines 2-3 in main text; Pages 26-30 in supplementary material). 

 
a 
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Additional Figure 33. Distribution of normal sample editing level of the 107 REEs lost in oocytes from 
elder mothers (a), androgenetic embryos (b), or the parthenogenetic embryos of the corresponding 
stages (c). 

 
11) Figure 5a,c: What are AG embryos and PG embryos? Also, what is "BI"? Please explain in the figure 
legend. 

 
We thank the reviewer for highlighting the lack of explanation of these important abbreviations. 

 
"AG" and "PG" embryos are two types of embryos with uniparental disomy. "AG" (short for "AndroGenetic") 
means that both of the two copies of chromosomes of the given embryo come from the father. Similarly, "PG" 
(short for "ParthenoGenetic") means that both come from the mother. "BI" stands for "BIparental", which means 
that for each pair of chromosomes, one comes from the father and one comes the from mother (i.e., a normal 
embryo). We borrowed the usage of these abbreviations from Leng et al. [8]. We have added these explanations 
to the figure legend (now renumbered as Fig. 4a and 4c; Page 26, Line 4, Page 27, Lines 1, 9 in main text). 

 
12) I see "amanitin" in Figure 5c. Amanitins are compounds that block RNA polymerase II, thereby 
inhibiting transcription. How is this drug treatment relevant to the manuscript? 

 
We thank the reviewer for reminding us to rethink the relevance of this drug here in our study. 

 
After literature survey, we found that treatment with (alpha-)amanitin (as described by the paper accompanying 
the dataset GSE101571 [9]) will block RNA Pol II-based transcription, and has been shown to stop mouse early 
embryo development [36]. However, being applied with alpha-amanitin, a toxin from mushrooms, is not a low-
quality-embryo case that has been observed in natural conditions previously. Therefore, this analysis is irrelevant 
to our story, and we removed it from our manuscript. 

 
13) Figure 5c: Data from GSE133854 don't look convincing. This seems to invalidate the authors' claim 
that there are "fewer RE-matching edits in protein-coding genes of abnormal embryos and embryos 
from elder mothers". 

This point would be necessary for further consideration at Communications Biology. 

 
We are grateful to the reviewer and the editor for pointing out our misinterpretation of the results here. 

 
We are sorry that we misread this result; not all abnormal (AG or PG) embryos support this claim. In particular, 
only AG (zygote), PG (2-cell), AG (4-cell), PG (4-cell), AG (8-cell), and PG (8-cell) have their median less than that 
of paired BI, and only PG (8-cell) is statistically significantly fewer. We have updated the description here (Page 
6, Lines 21-25; Page 7, Line 1 in main text) as below: 

 
" … the number of REE-matching edits in abnormal embryos (or embryos from elder mothers) is smaller (though 
mostly statistically insignificantly) than that in normal embryos (or embryos from young mothers) in many but 
not all cases (Fig. 4c). However, we noticed that the difference is indeed larger in GSE95477. Therefore, we 
determined to examine whether there are certain subsets of 
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protein-coding genes actively regulated by REEs that underwent statistically significant loss in abnormal 
embryos or embryos from elder mothers. " 

 
14) MicroRNA prediction programs are often inaccurate. Instead of relying solely on TargetScan, can 
the authors use at least two different software and take the intersection? 

Please validate any miRNA predictions on at least one other tool, for further consideration 
at 

Communications Biology. 

 
We thank the reviewer and the editor for the suggestion on further validating our microRNA-related analysis with 
more stringent computational criteria. 

 
In addition to TargetScan, we used a second MBS-predicting tool, miRanda [37], took the intersection of their 
predictions, and tried to use this intersection to validate the MBS-related results one by one. We have updated 
all figures related to this section in the main text and supplementary files (i.e., the old Figures 6b (now 
renumbered as Fig. 5b), 6c (now Fig. 5c), 6d (now Fig. 5d), and Supplementary Figure 5 (now Supplementary Fig. 
15); we removed the old Figure 6e (see reasons in the reply to Comment #4 by Reviewer 1)). 

 
How to take the intersection of the two tools 
 
 

During the intersection, we noted that the predicted MBSs were defined at different levels for these two tools 
(Additional Fig. 34 and also Supplementary Fig. 18). For TargetScan, its predicted MBS is an alignment of a given 
miRNA family, denoted by its seed region sequence (i.e., the 2-8 nucleotides on the mature miRNA sequence), 
onto the given 3'-UTR sequence. For miRanda, its predicted MBS is an alignment of a given mature miRNA 
sequence onto the given 3'-UTR sequence. Because multiple mature miRNA sequences can share the same seed 
region sequence (and thus belong to the same 'miRNA family'), we need to take the intersection at the miRNA 
family level. 
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Additional Figure 34. How TargetScan and miRanda make their predictions. 

 
Therefore, we collapsed the miRanda predictions, all of which were predicted with default parameters, to the 
miRNA family level before taking the intersection. Specifically, we collapsed into a single prediction all those 
miRanda predictions that share (1) the same miRNA family, (2) the same target 3'- UTR sequence, (3) the same 
seed region site type (as specified by TargetScan), and (4) the same start and end positions on the 3'-UTR sequence 
the seed region aligns to (Additional Fig. 35 and also Supplementary Fig. 19). miRanda predictions that do not 
share all of these four properties were considered as different predictions. As required by TargetScan, during the 
computation of the site type, we only considered exact matches (i.e., A-U/T and C-G), and wobble pairs (e.g., G-
U/T) were excluded. We then took the intersection of TargetScan predictions and the collapsed miRanda 
predictions. Similar to the collapsing pipeline above, a MBS was considered in this intersection (i.e., shared by 
both tools), if its TargetScan prediction and miRanda prediction share all the four properties above. 
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Additional Figure 35. Criteria for collapsing miRanda predictions and also for determining 
the intersection of TargetScan and (collapsed) miRanda predictions. 

 
We updated these methodological details to Methods (Page 15, Lines 11-24, Page 16, Lines 1-24 in main text; 
Pages 40-41 in supplementary material). 

 
Update of MBS-related results, Figure 6b (now renumbered as Fig. 5b) 
 
 

We note that we had mistakenly considered all non-REE edits as "no overlap" in the original code producing the 
original Figure 6b. Therefore, we re-computed the edit effects on MBS across all edits in normal early stage 
samples, and plotted the old Figure 6b again. It turned out that, while REEs do not distinguish themselves from 
general edits in the proportion of MBS-overlapping edits (Additional Fig. 36a and Supplementary Fig. 14), they 
did display a strong preference for MBS-gaining edits (Additional Fig. 36b and the new Fig. 6b (renumbered as 
Fig. 5b)). We have also updated the corresponding text and figures (Page 7, Lines 20-22, Page 28, Lines 1, 3-4, 
Page 29, Lines 1-2 in main text; Page 35 in supplementary material). 

 
a 



73 
 

 
 
 

b 



74 
 

 
 
 
 
 

c 



75 
 

 
 
 

Additional Figure 36. Ratio of MBS-altering edits in 3'-UTR REEs and all 3'-UTR edits, based on the 
intersection of TargetScan and miRanda (a and b) or TargetScan only (c, which is also the previous 
uncorrected Figure 6b). (a) and (c), with no-overlap edits considered. (b), without no- overlaps 
considered. In (b), the BH-adjusted p-values for the chi-square test on the frequency of MBS- gaining 
edits between MBS-overlapping REEs and all MBS-overlapping edits were also shown. 

 
We also noted that the number of MBS-overlapping REEs dropped to a very low ratio (Additional Fig. 36a, 
compared with Additional Fig. 36c (which is also the previous uncorrected Figure 6b)), which might arise from 
the poor intersection between TargetScan and miRanda predictions (Additional Fig. 37). Because the overlap 
between TargetScan and miRanda predictions is not our main focus, we did not put this figure into our 
manuscript. 
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Additional Figure 37. Overlaps between TargetScan predictions and (collapsed) miRanda predictions 
on all unedited transcripts. Each prediction is a 4-tuple of (transcript ID, miRNA family ID (equivalent 
to sequence of seed region), the start coordinate of the seed region alignment on the transcript, the 
end coordinate of the seed region alignment on the transcript). 

 
Validation of MBS-related results, the old Figure 6c (now renumbered as Fig. 5c) 
 
 

For the old Figure 6c, we successfully replicated the statistical significance of observing more MBS- gaining REEs 
than MBS-losing REEs per gene per sample, though (again) we did not reproduce the 1 median of the MBS gain 
group (Additional Fig. 38a and the new Fig. 6c (now renumbered as Fig. 5c)). This failure of reproducing the median 
might be due to (again) a decrease in the total number of MBS identified after taking the intersection. 

 
We updated the figure accordingly (Page 7, Line 23; Page 28, Line 1 in main text). 

 
a 
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Additional Figure 38. Plots for the count of REEs per (gene, sample) that affect MBS's in different 
ways, based on the intersection of TargetScan and miRanda (a, which is also the new Figure 5c) or 
TargetScan predictions only (b, which is also the previous Figure 6c). The p-value was derived from 
one-tailed Wilcoxon's Rank Sum test, with the alternative hypothesis being that median value for the 
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"MBS gain" group would be greater than that for the "MBS lost" group. 
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Validation of MBS-related results, the old Figure 6d (now renumbered as Fig. 5d) 

and the old Supplementary Figure 5 (now Supplementary Fig. 15) 

 
For the old Figure 6d, we successfully replicated the statistical significance of target genes of maternal mRNA 
clearance (the "decay at 8-cell" group) obtaining more MBS-gaining REEs than are other maternal genes (and also 
compared to the baseline, where there're no MBS-gaining REEs) (Additional Fig. 39a and the new Fig. 6d (now 
renumbered as Fig. 5d)). 

 
We updated the figure accordingly (Page 8, Line 4; Page 28, Line 1 in main text). 

 
a 
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Additional Figure 39. Barplots for distribution of count of MBS-gaining REEs per (gene, sample) on 
target genes of maternal mRNA clearance (denoted as "decay at 8-cell"), on other maternal genes 
(denoted as "others"), and on the expected baseline which is just a value of 0 (i.e., no MBS-
gaining REEs would be found), based on the intersection of TargetScan and miRanda (A, which is 
also the new Figure 5d) or TargetScan predictions only (B, which is also the previous Figure 6d). All 
p-values were unadjusted and were derived from one-tailed Wilcoxon's Rank Sum test, with the 
alternative hypothesis being that the median value for the left (decay at 8-cell) group would be 
greater than that for the right (others/baseline) group. 

 
When we examined the net change, however, we failed to reproduce the statistical significance (Additional 
Fig. 40a and the new Supplementary Fig. 5 (now renumbered as Supplementary Fig. 15)). 

 
We updated the figure accordingly (Page 8, Lines 4-5, Page 28, Line 1, Page 29, Lines 6-7 in main text; Page 36 
in supplementary material). 

 
a 
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Additional Figure 40. Barplots for distribution of "count of MBS-gaining REEs minus count of MBS-
losing REEs" per (gene, sample) on target genes of maternal mRNA clearance (denoted as "decay at 
8-cell"), on other maternal genes (denoted as "others"), and on the expected baseline which is just 
a value of 0 (i.e., no MBS-gaining REEs would be found), based on the intersection of TargetScan and 
miRanda (a, which is the new Supplementary Figure 5) or TargetScan predictions only (b, which is 
also the previous Supplementary Figure 4). All p-values were unadjusted and were derived from one-
tailed Wilcoxon's Rank Sum test, with the alternative hypothesis being that the median value for the 
left (decay at 8-cell) group would be greater than that for the right (others/baseline) group. 

 
This failure of reproducing the median might be due to (again) a decrease in the total number of MBS identified 
after taking the intersection. 
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15) Figure 6d: Where did the authors obtain the genes that "decay at 8-cell" from? I don't see any gene 
expression analysis. (Similar to comment #9 above.) 

 
We thank the reviewer for raising this confusion of lack of methodological details. 

 
We are sorry for not making this clear. These genes are genes that undergo maternal clearance, and the way we 
obtain these genes had been described in the "Annotation of maternal genes and targets of maternal mRNA 
clearance" Subsection of Methods Section (Page 17, Lines 20-24 in main text). 

 
Minor comments: 

16) In the introduction, the authors wrote "The successful development of human embryos is based 
on a well-regulated network that spans multiple omic layers." It is unclear what "multiple omic layers" 
mean. 

 
We thank the reviewer for pointing out our lack of clarity in writing here. 

 
We had previously decided to express the idea that the embryonic development must be well- regulated at 
multiple levels, including (but not limited to) the DNA and chromatin level (e.g., DNA duplication and DNA repair), 
the RNA level (e.g., transcriptional regulation by transcription factors, alternative splicing, posttranscriptional 
modification, and RNA degradation), and protein level (e.g., translation, posttranslational modification, and 
protein degradation). To quickly introduce the major topic of our story (role of A-to-I editing in human early 
embryonic development), we have decided to switch to the phrase "the stringent gene regulation across the 
central dogma" (Page 2, Lines 14-15 in main text). 

 
17) Figure 3a is redundant. 

 
We thank the reviewer for the comment on the potentially misleading presentation of the key items to analyze 
in Figure 3 and Figure 4 (now renumbered as Fig. 2 and 3, respectively). 

 
We assumed that the redundancy the reviewer refers to is between Figure 3a (now renumbered as Fig. 2a) and 
Figure 4a (now Fig. 3a). These two subfigures refer to different levels of editing patterns to examine. In the old 
Figure 3a, we focus on an edit that is REE, i.e., observed in >=50% of samples in a given stage. In the old Figure 
4a, we focus on a gene that is frequently targeted by REEs, i.e., targeted by at least one REE in >= 80% samples 
of a given stage. Therefore the old Figure 3a is not redundant. 

 
We revised the old Figure 3a and the old Figure 4a to better distinguish them from each other (now renumbered 
as Fig. 2a and 3a, respectively; Page 22, Line 1, and Page 24, Line 1 in main text). 

 
18) At the end of the results section, the authors wrote that "This hypothesis was immediately validated 
by the observation that …" I suggest replacing "immediately validated" with "supported". The authors 
did not perform any independent experimental validations. 
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We thank the reviewer for the comment on our overclaim. We 

have revised accordingly (Page 8, Line 3 in main text). 

19) In the discussion, the authors wrote that "The role of A-to-I RNA editing in human has been 
ambiguous for a long time." This is not true. Multiple papers have clarified the diverse roles of editing 
in human. 

 
We thank the reviewer for pointing out our confusing and misleading writing here. 

 
We are sorry for using the incorrect word ("ambiguous") here. What we'd like to stress here is that (as stated in 
the succeeding sentence) the role of RNA editing in human embryonic development is largely unclear, in contrast 
to those in adult human tissues. We have deleted this sentence (Page 8, Line 16 in main text). 

 
20) In the methods section, the authors wrote "For single-cell RNA-Seq datasets, we required that the 
sequencing technology not be based on cell barcoding." Can the authors explain why? 

 
We thank the reviewer for reminding us of the lack of necessary explanation in this methodological setting. 

 
As stated in the subsection "Compilation of human embryonic RNA-seq datasets" of Methods, We only 
considered datasets with paired-end sequencing (except for the dataset GSE36552 whose RNA editome has been 
studied [13,14]) to ensure more accurate sequence alignment [1]. Therefore, we excluded these cell-barcoded 
datasets, because they are essentially single-ended RNA-seq sequencing for transcripts; the other end is used for 
barcoding cells and contains no information on transcript sequences. We have added this explanation to Methods 
(Page 12, Lines 8-10 in main text). 

 
21) One of the supplementary datasets (the largest one) appears to be filled with nonsensical characters. 

Please provide a new version of Supp Table 6; it appears to be corrupted to editors as well. 

 
We thank the reviewer and the editor for the reminder of the corruption of one of the supplementary files. 

 
It is possible that the previous Supplementary Table 6 (the list of recoding edits in each sample), whose file size 
is about 80MB, is too large to be correctly handled by the manuscript submission system. We decided to replace 
this table (now renumbered as Supplementary Table 5) with the list of recoding edits without sample-specific 
information, which is much smaller (237KB in gzipped format). Because this table is very small, we did not include 
it in the Zenodo repository; instead, we put it in the GitHub repository (https://github.com/gao-
lab/HERE/blob/master/report.ver2/210215-sixth- dataset/201221-fifth-phenotype-
collection/all.normal.samples/normal.recoding.edits.dt.csv.gz). 

 
22) There are scattered English language errors. Please proofread. 
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Please carefully proofread the manuscript for clarity and grammar. If you would like the 
assistance of paid editing services to do this, we can recommend our affiliates, Nature 
Research Editing Service and American Journal Experts. However, please note that use of an 
editing service is neither a requirement nor a guarantee of publication. Free assistance is 
available from our resources page. 

 
We thank the reviewer and the editor for the suggestion of proofreading our manuscript. We have 

proofread the text carefully and corrected errors. 

Remarks to the Author: Reproducibility 

 
Please see comments under "Strength of the claims", for example, comments #13 and #14. We 

thank the reviewer for their effort in helping better our manuscript. 

We have replied to the corresponding comments above. 
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Reviewer comments: 
 
Reviewer #1 (Remarks to the Author: Overall significance): 
 
In this revised manuscript Ding. et,al. performed additional analysis and provided more details in 
Methods and additional notes. In general they provided elaborative response for each comment, 
and adjust their conclusions in result and discussion part to make the manuscript more reliable. 
Here several questions remained to be solved. 
 
Reviewer #1 (Remarks to the Author: Strength of the claims): 
 
1. In Fig1e for the identification of normal and abnormal points, as they were defined from 
multiple samples, will they be calculated when appeared once or they will need to appeat in 
>=20% of indicated samples? 
2. As shown in Additional Figure 2b, more 3'-UTR/intron-enriched in overlapped sites, is it because 
the overlapped sites were more reliable? How about the unique pattern in 8cell and morula 
stages? 
 
3. It is a pity that GSE95477could not provided the solidity of the conclusions between A-I editing 
induced MBS and maternal RNA clearance. In fact I could not understand the implication of the P-
value between the correlation coefficient between REE number and gene expression in young and 
old mothers. The correlation coefficient in young mother is almost near 0 which means REE is not 
related with gene expression, how they could conclude that more REEs on a given maternal gene 
is more likely to lead to lower FPKM？Similarly, the cross-stage correlation in Additional Figure 6 
could hardly support anything in my view. 
 
4. In general the analysis results in Fig 4c,4e and Additional Figure 5-6 are wanting and could 
hardly support the indicating conclusions they made. Therefore it is better to tone down and keep 
them in discussion part. 
5. The correlation score in Sup fig8, which is mostly between -0.2 and -0.08, indicating very weak 
negative correlation, and the author need to adjust their statement. 
6. The manuscript could be improved after substantial editing for both language and logical 
structure. Particularly the individual pieces of results were not tightly strung together in a very 
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logical fashion. One of the examples is in Page6 line24 “other REEs also undergo……”，what is the 
meaning of other REE in this sentence? Why they take the loss of one REE but not the reduced 
amount of REEs in Fig 4a, as a logical reason to propose a systematic loss of REEs? 
 
Reviewer #1 (Remarks to the Author: Reproducibility): 
 
For the Reproducibility part. In fact the author only have to compare RNA editing characters 
defined in their study with published results in Qiu et al. and show some data like the number, 
genome distribution and specific preference like Alu, and explain if there are any discrepant 
results. If they want to be more strict they can analysis the RNA-seq data provided, but this is 
essential, and there is also no need to run their pipeline. PS.: The IGV of A-I mismatched site on 
Alu can be shown here. 
 
 
Reviewer #2 (Remarks to the Author: Overall significance): 
 
My comments on overall significance and impact are similar to my previous comments. In my 
opinion, the authors have adequately addressed all reviewers' comments with additional 
information. 
 
 
Reviewer #3 (Remarks to the Author: Overall significance): 
 
The authors submitted a revised manuscript on their characterization of the A-to-I RNA editome in 
human embryos. They have made considerable efforts to address the previous reviewer 
comments. Nevertheless, there are still areas that need to be addressed before the work can be 
published in Communications Biology. 
 
 
Major comments: 
 
1) The various distributions of editing levels (Supplementary Figure 4) look odd. Editing level 
distributions are typically heavily right-skewed. But the authors' plots show numerous sites with 
high editing levels. There is also an abnormal peak at an editing rate of 1 in all the plots, which 
strongly suggests the presence of artifacts (rightly acknowledged in the figure legend). As a sanity 
check, can the authors also examine published RNA-seq on zebrafish development (PMID: 
33872356) and see if they have observed similar editing level distributions? 
 
 
 
2) Show how the A>G percentage changes with each filter imposed. Can the authors also provide 
a more detailed analysis flowchart as an overview? Figure 1B is sparse in details and does not 
contain many of the filters used. 
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3) There are 2920 sites identified in Qiu et al but not in the current manuscript - why? 
 
 
 
4) The overlap between normal and abnormal embryos, even at matched stages, is relatively low. 
This could be either real biology or noise. Sanity check: Randomly split normal embryos only into 
two sets and check extent of overlap. Repeat multiple times to get error bar. The authors can also 
do the same for abnormal embryos. 
 
 
 
5) My previous comment #2 - show distribution of all 12 possible types of nucleotide changes (A-
to-C, A-to-G, A-to-T etc) - has not been satisfactorily addressed. Supplementary Figure 1 is not the 
standard way of presenting the distribution (what are the FP/TP in the figure anyway?). Please 
present in the same way as other RNA editing papers. 
 
 
 
6) The authors have defined FP wrongly (authors' response to my previous comment #3). I suggest 
them to look up how FP is defined in other RNA editing papers. 
 
 
 
7) AEI is odd. Editing in hESCs is known to be generally low. But yet, in authors' AEI plot 
(Supplementary Figure 20), the AEI in hESCs is similar to that in embryonic samples, where there 
are supposed to be numerous recurrent edits. This suggests analysis artifacts. In addition, AEI 
often correlates reasonably well with ADAR1 expression, which the authors do not observe. 
 
 
 
8) The authors did not address my previous comment #9 satisfactorily. (There is a similar 
comment from reviewer 1 as well). A big claim in the manuscript is that recurrent edits generate 
miRNA-binding sites, leading to clearance of maternal transcripts. To support the claim, the 
authors must show the expression profiles of such genes (e.g., in the form of a heatmap). Instead, 
the authors tried to skirt the issue and produced plots with "editing level in previous stage" on the 
x-axis and "expression in the current stage" on the y-axis. Firstly, the Spearmann correlation 
coefficients do not look good in general. Secondly and more importantly, those plots are not 
supporting evidence of the authors' claim. The authors should not be comparing across genes. So 
what if Gene A with higher edits in previous stage and lower expression in current stage than 
Gene B? The expression of Gene A could be constantly lower all the time! Instead, I think readers 
would want to see that RNA transcripts with recurrent edits indeed have a drop in their 
abundance as development progresses. 
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Response to reviewers’ comments 
 

We thank the reviewers for their further valuable comments, and have revised the manuscript 
accordingly. Specifically, 

1. We moved the analysis of change in total REE counts for abnormal 
embryos and embryos from elder mothers to Discussion and Supple- 
mentary Notes 7 (and Fig. 4c-e to Supplementary Fig. 26-27) because of a 
lack of strong evidence; 

2. We added to Results a brief description that our observation is also 
consistent with a previous pilot study on human early embryos by Qiu et 
al.1 in terms of a high proportion of A-to-G mismatches and a high 
proportion of Alu edits among all edits, as well as an updated set of AEI 
analysis results (Supplementary Figures 20 and 21) and an additional 
layer of evidence supporting that transcripts with REEs did have a drop in 
median abundance as development progresses (Supplementary Figures 29 
and 30); 

3. We revised the text and figures to make them clear and precise; in 
particular, we provided a flowchart for the identification of A-to-I RNA editing 
(Supplementary Figure 28), avoided inappropriately using the terms “false 
positive”, “true positive”, and “false negative” for the identification, and re-
plotted the Supplementary Figure 1 to make its presentation consistent 
with previous studies. 

All the changes in the manuscript and supplementary material are high- lighted in blue font. Please 
see the replies to the specific reviewer comments below for further details. We thank again for the 
editors and reviewers’ efforts. 
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Reviewer comments: 

Reviewer #1 (Remarks to the Author: Overall signifi- cance): 
In this revised manuscript Ding. et,al. performed additional analysis and provided more details in 

Methods and additional notes. In general they provided elaborative response for each comment, and adjust 
their conclusions in result and discussion part to make the manuscript more reliable. Here several 
questions remained to be solved. 

We thank the reviewer for the acknowledgement of our previous response. 
 
Reviewer #1 (Remarks to the Author: Strength of the claims): 

1. In Fig1e for the identification of normal and abnormal points, as they were 
defined from multiple samples, will they be calculated when appeared once or they 
will need to appeat in >=20% of indicated samples? 

We thank the reviewer for pointing out this methodological detail. 
As stated in Step (12) of Supplementary Notes 6, edits located in Alu elements will be included in 

the summary in Fig. 1e as long as detected in at least one sample, while edits located not in Alu elements 
will be included only if detected in at least two normal samples (or two abnormal samples) of the same 
stage (see Supplementary Table 8 for the details of each stage). We made this detail more prominent 
by repeating it in the Methods section of the main text (Page 14, Lines 326-330 in main text). 

2. As shown in Additional Figure 2b, more 3’-UTR/intron-enriched in 
overlapped sites, is it because the overlapped sites were more reliable? How about 
the unique pattern in 8cell and morula stages? 

We thank the reviewer for helping us further dissecting the possible causes of such statistical significance 
before determining its biological importance. 

We first put the previous Additional Figure 2b (renumbered as Addi- tional Fig. 1) below for 
readability. 
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Additional Fig. 1. (The previous Additional Figure 2b) The deviation of 3’-UTR-or-intron edit ratio 
of the overlap edits from that of the unique edits. Only stages with both types of samples were shown. All 
p-values were from chi-square test and BH-adjusted. 

For the first question, we noted that the more reads covered on a given 
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editing site, the more reliable its identification (as an A-to-I editing with an editing level) would be. In 
particular, being covered by at least 10 reads is a prerequisite for a candidate site to be identified as 
an A-to-I edit (Step 
(11) in Supplementary Notes 6). Therefore, we addressed this question preliminarily by examining 
whether in general the overlap edits were more deeply sequenced than were the unique edits. 

We found that the overlap edits do have a much higher sequencing depth compared to the unique 
edits (Additional Fig. 2; also the new Supple- mentary Fig. 2C) which is statistically significant in all 
comparisons (i.e., all unadjusted p-values are less than 2.2-16 for Wilcoxon’s Rank Sum test, with the 
null hypothesis being that the median sequencing depth of the over- lap edits is equal to or less than that of 
the normal- or abnormal-only edits in a given stage). Therefore, the genomic enrichment in 3’-UTR/intron 
for the overlap edits might be at least partially due to a better reliability of these sites. 
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Additional Fig. 2. The distribution of sequencing depth on the overlap edits and the unique edits. 

For the second question, we assumed that the “unique pattern” the re- viewer refers to is the drop 
of − log10(p) in 8-cell and morula stages. We currently do not have a clear explanation for this unique 
pattern. Apart from a possible loss of a stable editing pattern indicated by REE upon entry 
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into the 8-cell stage (Fig. 2b), other possible technical and biological factors (e.g., the end of maternal 
mRNA clearance2 and the wave of zygotic genomic activation3) remain to be investigated. 

We added these results and discussion to Supplementary Figure 2 and its legend (Page 17, Lines 
331-341 in Supplementary Information). 

3. It is a pity that GSE95477 could not provided the solidity of the con- clusions 
between A-I editing induced MBS and maternal RNA clearance. In fact I could not 
understand the implication of the P-value between the corre- lation coefficient 
between REE number and gene expression in young and old mothers. The correlation 
coefficient in young mother is almost near 0 which means REE is not related with 
gene expression, how they could conclude that more REEs on a given maternal 
gene is more likely to lead to lower FPKM？Similarly, the cross-stage correlation 
in Additional Figure 6 could hardly support anything in my view. 

We thank the reviewer for pointing out this mistake. 
For clarity, we first put the previous Additional Figure 5 and 6 (renum- bered 

as Additional Fig. 3 and Additional Fig. 4, respectively) below. 
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Additional Fig. 3. (The previous Additional Figure 5) Distribution of Spearman’s correlation coefficient 
between the number of REE-matching ed- its identified on a gene, and its FPKM in the same sample. The 
sample groups are consistent with those in Figure 4e. All p-values were unadjusted and were derived 
from one-tailed Wilcoxon’s Rank Sum tests, with the al- ternative hypothesis being that the median of 
the correlation from young mothers is smaller than that from old mothers. 
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Additional Fig. 4. (The previous Additional Figure 6) Distribution of Spearman’s correlation coefficient 

between the number of REE-matching ed- its identified on a gene in an oocyte (GV), and its FPKM in the 
oocyte (MII) of the paired patient. All p-values were unadjusted and were derived from one-tailed 
Wilcoxon’s Rank Sum tests, with the alternative hypothesis being that the median of the correlation from 
young mothers is larger than that from old mothers. 

As the reviewer has commented, we have previously mistaken the drop in the correlation (between 
the number of REE-matching edits and gene ex- pression) for the negative association between the number 
of REE-matching edits and gene expression. Unfortunately, we currently cannot arrive at any 
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solid, biologically meaningful conclusion from the results. 
Because these results were not put into the manuscript in the previous response, we did not make 

any new revision concerning this problem to our manuscript. 

4. In general the analysis results in Fig 4c,4e and Additional Figure 5-6 are 
wanting and could hardly support the indicating conclusions they made. Therefore 
it is better to tone down and keep them in discussion part. 

We thank the reviewer for pinpointing our overclaim. 
We have tone down the part covering Fig. 4c and 4e, as well as the title of this result subsection (we did 

not included the previous Additional Figures 5 and 6 into our manuscript, as described in the reply to the 
third question of the same reviewer above), and moved it to Discussion and Supplementary Notes 7 
(Page 7, Lines 150, Page 12, Lines 277-279, Page 19, Lines 465 and 
468 in main text; Page 3, Lines 46 and 58, Pages 13-14, Lines 287-314, Page 
32, Line 420, Page 34, Line 430, Pages 46-48, Lines 518-539 in Supplementary Information). 

5. The correlation score in Sup fig8, which is mostly between -0.2 and - 0.08, 
indicating very weak negative correlation, and the author need to adjust their 
statement. 

We thank the reviewer for pointing out the fact that the correlation is weak, and we have revised 
the text accordingly (Page 6, Lines 132-133 in main text). 

6. The manuscript could be improved after substantial editing for both 
language and logical structure. Particularly the individual pieces of results were not 
tightly strung together in a very logical fashion. One of the examples is in Page6 
line24 “other REEs also undergo⋯⋯”，what is the meaning of other REE in 
this sentence? Why they take the loss of one REE but not the reduced amount 
of REEs in Fig 4a, as a logical reason to propose a systematic loss of REEs? 

We thank the reviewer for the suggestion on editing language and logical structure, and particularly on 
the case discussed. 

The “other REEs” are those REEs that are not in the 107 edits (Sup- plementary Table 2) analyzed 
in Fig. 4a and 4b. The reason why we had 
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proposed [the possible existence of] a systematic loss of REE-matching edits based on the loss of one [or 
several] REE-matching edits (rather than the reduced amount of REE-matching edits) in Fig. 4a is: the 
(almost com- plete) loss of some REE-matching edits in certain abnormal embryos (or embryos from 
elder mothers) might be the extreme cases – the most affected REE-matching edits – of a wave of 
systematic loss of many (if not most) REE-matching edits in these embryos. 

We added this explanation to this part. As discussed above in the fourth question of the same 
reviewer, we have also moved it to Discussion and Supplementary Notes 7. 

 
Reviewer #1 (Remarks to the Author: Reproducibil- ity): 

For the Reproducibility part. In fact the author only have to compare RNA editing characters 
defined in their study with published results in Qiu et al. and show some data like the number, genome 
distribution and specific preference like Alu, and explain if there are any discrepant results. If they want 
to be more strict they can analysis the RNA-seq data provided, but this is essential, and there is also 
no need to run their pipeline. PS.: The IGV of A-I mismatched site on Alu can be shown here. 

We thank the reviewer for clarifying the major analyses we need to per- form, and below we detail 
the comparisons one by one. 

For the number of edits identified: this has been analyzed extensively in the previous reply to this 
question. Briefly, an initial comparison of total edits identified revealed a poor overlap (5,893 edits) 
between ours (with 70,980 exclusively identified edits) and theirs reported in Table S1 of Qiu et al. 
(with 2,920 exclusively identified edits), and after re-run their pipeline we arrived at the conclusion that 
most of the difference could be attributed to the choice of different filters and algorithms. 

For the genomic distribution of edits, both we and Qiu et al. observed that most (~75% by us 
(Supplementary Fig. 2a) and ~80% by Qiu et al.) edits are located in 3’-UTR and intron, and both 
studies observed the extremely strong Alu-preference (boxplots of gametes and pre-implantation 
embryos in Fig. 1g of ours, and the 97.84% percentage reported by Qiu et al.). We updated these 
comparison to main text (Page 5, Lines 113-116 in main text). 
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As Qiu et al. did not provide any IGV track (or other Genome Browser- style track) to compare with, 
we picked the TTF1 gene as an example and plotted the IGV track of some of TTF1’s Alu edits identified 
by Qiu et al. and/or us (Additional Fig. 5). We did not include it into our manuscript. 

 

Additional Fig. 5. An example IGV plot-based comparison of Alu edits identified by Qiu et al. and by us. 

 
Reviewer #2 (Remarks to the Author: Overall significance): 

My comments on overall significance and impact are similar to my pre- vious comments. In my 
opinion, the authors have adequately addressed all reviewers’ comments with additional information. 

We thank again the reviewer for all the efforts and valuable suggestions. 

 
Reviewer #3 (Remarks to the Author: Overall significance): 

The authors submitted a revised manuscript on their characterization of the A-to-I RNA editome in 
human embryos. They have made considerable efforts to address the previous reviewer comments. 
Nevertheless, there are still areas that need to be addressed before the work can be published in 
Communications Biology. 
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We thank the reviewer for the acknowledgement of our previous response. 
 
Major comments: 

1) The various distributions of editing levels (Supplementary Figure 4) look 
odd. Editing level distributions are typically heavily right-skewed. But the authors’ 
plots show numerous sites with high editing levels. There is also an abnormal 
peak at an editing rate of 1 in all the plots, which strongly suggests the presence of 
artifacts (rightly acknowledged in the figure legend). As a sanity check, can the 
authors also examine published RNA-seq on ze- brafish development (PMID: 
33872356) and see if they have observed similar editing level distributions? 

We thank the reviewer for suggesting a further examination on the dis- tribution of editing levels. 
The current presentation of the distribution of editing levels in the previ- ous Supplementary Fig. 4 

(also shown below as Additional Fig. 6) might be a little misleading due to the usage of a log10-scale y-
axis. We had initially chosen this scale to make the number of high-editing-level edits discernible. If we 

plot the number of edits per editing level bin as-is (i.e., no log10- transformation) without considering 
those edits with their editing level be- ing 1 (as acknowledged by us previously and pointed out by the 

reviewer) (Additional Fig. 7), in most stages (in particular, all gametes and pre- implantation 
embryos) the number of edits with high editing levels are not numerous any more, and the overall 

distribution in these stages becomes heavily right-skewed, as the reviewer has commented. We note 
that a peak close to 1 was still observed in some stages, particularly epiblasts and hy- poblasts and 

less obviously in some blastocytes, ICM, CTB, STB, EVT. 
Whether these are mostly non-biological artifacts or some truly biological signals involving RNA editing 
remains to be investigated. 
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Additional Fig. 6. (The previous Supplementary Figure 4) Distribution of editing level in each sample 
group (previous Supplementary Fig. 4, now Supplementary Fig. 4a). Note that although we have used a 
very stringent pipeline (see Methods), we still found a number of editing sites with an editing level of 
1. These editing sites should be examined with caution. The number of editing sites (y-axis) is shown in 
log10-scale. 
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Additional Fig. 7. Distribution of editing level (without taking into consideration those edits with an 
editing level of 1) in each sample group. The number of editing sites (y-axis) is shown as-is. 
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We renamed the previous Supplementary Fig. 4 as Supplementary Fig. 4a, and added Additional 
Fig. 7 as Supplementary Fig. 4b to Supplemen- tary Information (Pages 19-20, Lines 351, 353-354, 358-
360 in Supplementary Information). 

For the sanity check on zebrafish embryos, we noticed that the paper (PMID: 338723564) did not 
release the full list of per-sample editing level of zebrafish edits identified; the only publicly available list 
is Supplementary Table S2, the mean editing level of 149 “coding sites that appeared in at least two 
out of the four samples”. We had asked the authors for the full list, but we have not received the list 
yet before submitting the revision; therefore, we used the 149 list for analysis. Examining this list did 
give a heavily right-skewed distribution (Additional Fig. 8). 

 

 

Additional Fig. 8. Distribution of mean editing level in Supplementary Table S2 of Buchumenski et 
al.. 

 
2) Show how the A>G percentage changes with each filter imposed. Can the 

authors also provide a more detailed analysis flowchart as an overview? Figure 1B 
is sparse in details and does not contain many of the filters used. 

We thank the reviewer for suggesting to make the pipeline more straight- forward to readers. 
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We note that we did not know for each candidate site which genomic strand would be transcribed 
until Step (13). Therefore, we drew a more detailed analysis flowchart with the per-filter A>G or T>C 
percentage (ex- cept for Step (13) where the A>G or “both A>G and T>C” percentage is used instead) 
of an example sample (GSM2706237) listed as Supplemen- tary Figure 28 (also shown below as 
Additional Fig. 9), and updated our manuscript accordingly (Page 13, Line 319 in main text; Page 6, 
Line 130, Pages 49-50, Lines 540-544 in Supplementary Information). 
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Additional Fig. 9. The more detailed analysis pipeline flowchart, with the per-filter A>G or T>C 
percentage (except for Step (13) where the A>G or “both A>G and T>C” percentage is used instead) of 
an example sample (GSM2706237) listed. 

 
3) There are 2920 sites identified in Qiu et al but not in the current 

manuscript - why? 

We thank the reviewer for commenting on this. 
This has been addressed extensively in the previous reply (to the first question of the Reproducibility part 

of the first reviewer’s comments). Briefly, 

1. Because Qiu et al. did not provide the per-sample state of their exclu- sive 
2920 sites, we had to re-run their pipeline to find out why these edits were 
only identified by them. 

2. We tried to reproduce Qiu et al.’s identification pipeline, but found out that 
this pipeline could not be fully reimplemented even after several rounds of 
communication with the authors. 

3. We then used our best reimplementation results and made several at- 
tempts to explain the possible sources of Qiu et al.-exclusive edits. In the 
end we found the following reasons that can explain >=75% such edits in all 
samples: 

(a) We discarded sites with multiple alternative alleles identified (ex- 
plaining a median of 3.91% false negatives across samples); 

(b) We used a more comprehensive set of population genotypes from 
worldwide cohorts (explaining 54.58%); 

(c) We discarded sites with invalid sample occurrence (note that we 
required non-Alu sites to be identified at least twice in the same 
normal stage or the same abnormal stage, not across all samples; 
explaining 10.13%); and 

(d) We discarded sites whose event on the known transcripts does not 
contain the A-to-G case (explaining 20.28%). 
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4) The overlap between normal and abnormal embryos, even at matched 
stages, is relatively low. This could be either real biology or noise. Sanity check: 
Randomly split normal embryos only into two sets and check extent of overlap. 
Repeat multiple times to get error bar. The authors can also do the same for 
abnormal embryos. 

We thank the reviewer for this comment, and carried out the sanity check accordingly. 
We first put the previous Additional Figure 21 (renumbered as Addi- tional Fig. 10) below for 

readability. 
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Additional Fig. 10. (The previous Additional Figure 21) Sample pair scatterplot of the overlap ratio 
(defined as the number of edits identified in both samples divided by the number of edits identified in 
at least one of the samples) vs. the distance of sequencing depth (defined as the absolute difference 
between the log10(count of total bases sequenced) ). Good/bad viab., predicted to be of good/bad 
viability (see the paper of GSE65481 for more details). 

As shown in Additional Fig. 10, we had not compared the overlap between normal and abnormal 
samples at matched stages. Instead, for each sample group (defined by the combination of stage, whether 
normal or not, and (if the embryo is abnormal) the particular phenotype), we computed the overlap for 
each of all possible sample pairs within this sample group. 

To confirm whether the overlap between normal and abnormal samples is still relative low at each of 
the matched stages, we computed the overlap ratio, and found that they are around 8-37%, either lower 
or higher than the 23% reported in Fig. 1e (Additional Fig. 11). 
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Additional Fig. 11. Overlap ratio between normal and abnormal samples at the level of matched 
stages. 

Nevertheless, such overlap ratio is still low in absolute values; therefore, we carried out the sanity 
check suggested by the reviewer. By randomly splitting into two each of the normal and abnormal 
groups used in Addi- tional Fig. 10 and examining the percentage of overlap, we observed a low overlap 
(boxplots) that is a little lower than, but yet similar to, the overlap ratio between normal and abnormal 
samples (red dashed lines) in each group (Additional Fig. 12); the only exceptions are the 
zygote/abnormal/AG (or PG) cases, where the overlap ratio is even lower, possibly due to their small 
sample size (4 for both). Note that a statistical significance of differ- ence is not important here, as most 
of the absolute ratio differences are small 



27  

 
 

compared to the overlap ratio themselves. 
We then concluded that the low overlap ratio between normal and abnor- mal samples cannot be fully 

attributed to pure biological difference, because otherwise we should have observed a much higher overlap 
ratio in the within- normal/within-abnormal samples of random splits. 
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Additional Fig. 12. Boxplot of percentage-of-overlaps from ten different random splits for each group. 
The red dashed line for each stage denotes the normal-abnormal overlap ratio shown in Additional Fig. 
11. 

We did not include these analyses in our manuscript, as the overlap of general edits between 
normal and abnormal samples is not our major focus here. 

5) My previous comment #2 - show distribution of all 12 possible types of 
nucleotide changes (A-to-C, A-to-G, A-to-T etc) - has not been satisfactorily 
addressed. Supplementary Figure 1 is not the standard way of presenting the 
distribution (what are the FP/TP in the figure anyway?). Please present in the 
same way as other RNA editing papers. 

We thank the reviewer for pointing out our inappropriate way of present- ing our results. 
We surveyed paper and found that the standard way to represent such distribution is to plot a 

barplot, with one bar describing the number of edits for each type of nucleotide change (Additional Fig. 
13)5. We then updated the Supplementary Fig. 1 accordingly (Additional Fig. 14) (Page 14, Line 317 in 
Supplementary Information). 

In addition, we stopped using the FP/TP which brought about confusion (as described in the reply to 
the next comment of the same reviewer) in Fig. 1d (shown as Additional Fig. 15 here; Page 36, Line 855 
in main text) and Supplementary Fig. 1. 
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Additional Fig. 13. An example plot of all 12 types of nucleotide changes, adapated from Fig. 1d of 
Ramaswami et al., 2013. 
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Additional Fig. 14. The updated Supplementary Fig. 1. 
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Additional Fig. 15. The updated Fig. 1d. 
 

6) The authors have defined FP wrongly (authors’ response to my previous 
comment #3). I suggest them to look up how FP is defined in other RNA editing 
papers. 

We thank the reviewer for pinpointing this misuse. 
We surveyed papers for the definition of FP (False Positives) in identi- fication of RNA A-to-I edits, 

and found that this was first describe by the following references: 

1. Pickrell et al., 20126: 

(a) “This pattern [that mismatches to the genome at RDD (RNA- DNA 
differences) sites are dramatically enriched at the ends of RNA 
sequencing reads] is evidence that many of the RDD sites are false 
positives due to mapping or sequencing errors.”. 

2. Lin et al., 20127: 

(a) “Taken together, we identified 9037 (~89%) of 10,210 RDD sites that 
may be false positives derived from gene duplications, read- end 
misalignment, and/or SNPs.” 
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3. Kleiman and Majewski, 20128: 

(a) “Based on this analysis, we estimate that false positive results 
identified by their presence in only the first or last positions of se- 
quencing reads, along with those that are supported only by uni- 
directional reads, account for more than half of the entire dataset 
(Table 1).” 

(b) “This specific case illustrates all the typical features of a false pos- itive 
alignment and sequencing problem: (i) all the reads align in one 
direction only; (ii) the variant site is present at the extremity of the 
read; (iii) it is directly adjacent to another variant; and (iv) it flanks a 
splice junction and no supporting reads extend past the 5th nucleotide 
of the exon.” 

(c) “False positives are calculated using the tails of the distributions 
(where the RDD and control distributions intersect), as the num- ber of 
RDD sites minus the expected number of sites [single- nucleotide 
polymorphisms (SNPs)].” 

Consistent with the reviewer’s comments, it appears that the “false pos- itive” was not defined as 
what we have defined (“those candidate variants from RNA-Seq that overlap with genomic variants”) in 
these references, but was defined as a wide range of different technical artifacts including read-end 
misalignments and genomic variants. 

We thus decided to stop using “false positive/FP” in the identification of RNA editing and describe it 
explicitly, i.e., “those candidate variants from RNA-Seq that overlap with genomic variants”. Similarly, we 
decided to stop using “true positive/TP” in the identification of RNA editing and describe it explicitly, i.e., 
“those candidate variants from RNA-Seq that do not overlap with genomic variants”. We updated these 
to the manuscript (Page 5, Lines 96, 100-101, Page 11, Line 264, Page 14, Lines 333, 340, Page 37, 
Lines 
858-859, Page 40, Line 888 in main text; Page 1, Line 10, Page 2, Lines 27-28, Page 20, Lines 356 
(where we deleted the term) in Supplementary Information). 

7) AEI is odd. Editing in hESCs is known to be generally low. But yet, in authors’ 
AEI plot (Supplementary Figure 20), the AEI in hESCs is similar to that in 
embryonic samples, where there are supposed to be numerous recurrent edits. 
This suggests analysis artifacts. In addition, AEI often 
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correlates reasonably well with ADAR1 expression, which the authors do not observe. 

We thank the reviewer for this comment. 
After carefully checking the result, we found that what we had plotted is signal-to-noise ratio in 

the original AEI paper9, not the AEI itself (the ‘unnormalized AEI’ in our results). When we switched 
to the AEI itself, we found that they are generally above 10, far higher that those in adult tissues 
reported by Roth et al.. To make our AEI estimates in embryos as much comparable to other reported 
AEI as possible, we eliminated biases at implementation level by re-running the official AEI software 
(https:// github.com/a2iEditing/RNAEditingIndexer) on our realigned bam files with default 
parameters. This gave us the following distribution (Additional Fig. 16) and correlation witih ADAR 
expression (Additional Fig. 17). We note that, during the recomputation of the correlation, we found 
that Roth et al. used a two-sided test9, while we had used the one-sided test previously; therefore, 
we switched to two-sided tests in the recomputation. 

https://github.com/a2iEditing/RNAEditingIndexer
https://github.com/a2iEditing/RNAEditingIndexer
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Additional Fig. 16. Distribution of AEI across different stages of embry- onic samples, computed by 
the official AEI software. 
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Additional Fig. 17. Histogram of Spearman’s correlation coefficients between AEI and ADAR FPKM 
for each normal stage with >=10 nor- mal samples, computed by the official AEI software. All those 
that have a Benjamini-Hochberg-adjusted p-value for the correlation coefficient test (with the 
alternative hypothesis being that the correlation coefficient is not equal to 0) that is no less than 0.05 
were considered not significant (NS). 

Now we address the comments. 
For the hESC comment, while its AEI was considerably lower than those in early embryos in the 

updated AEI distribution (Additional Fig. 16) and is consistent with the reviewer’s comment that 
“Editing in hESCs is known to be generally low”, we note that the generally low editing in hESC was not 
fully supported by previous studies. In particular, while some stud- ies have found that the editing in 
hESCs is generally low in some genes 
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when compared to adult human tissues10–12, they did not give a global (i.e., genome-wide) description of 
editing level (as AEI does) for hESCs, and they also found some other genes with a high editing level in 
hESCs; in fact, one of the major conclusion of Osenberg et al. is “We identified high editing levels of 
Alu repetitive elements in hESCs”10, conflicting with the reviewer’s comment. Whether the hESC editing 
level of these genes could represent the general editing pattern of hESC remains to be investigated, which 
is beyond the scope of this manuscript. We also examined all studies4,13–46 that cite the AEI paper9, 
but did not find any AEI reported in hESC. 

For the correlation with ADAR1 expression, most of the correlations were 
still not statistically significant (Additional Fig. 17). However, the re- viewer’s claim that “AEI often 
correlates reasonably well with ADAR1 ex- pression” is not well-established, as Roth et al. has pointed out: 
“… However, more often than not, the correlation between ADAR expression and editing activity [in human 
adult tissues] is rather weak (Fig. 3b and Supplementary Figs. 6 and 7), presumably due to additional 
layers of ADARs regulation at the protein level.”9. Therefore, the poor correlation does not seem to 
be a sign of analysis artifacts. 

We have updated Additional Fig. 16 and Additional Fig. 17 to 
Supplementary Fig. 20 and 21, respectively (Page 41, Line 476, Page 42, Line 
480 in Supplementary Information), and have also updated the corresponding 
text describing how we computed the AEI (Page 2, Lines 32- 41, Page 43, Lines 484-
485 in Supplementary Information). 

8) The authors did not address my previous comment #9 satisfactorily. (There 
is a similar comment from reviewer 1 as well). A big claim in the manuscript is 
that recurrent edits generate miRNA-binding sites, leading to clearance of maternal 
transcripts. To support the claim, the authors must show the expression profiles 
of such genes (e.g., in the form of a heatmap). Instead, the authors tried to skirt the 
issue and produced plots with “editing level in previous stage” on the x-axis and 
“expression in the current stage” on the y-axis. Firstly, the Spearmann correlation 
coefficients do not look good in general. Secondly and more importantly, those 
plots are not supporting evidence of the authors’ claim. The authors should not be 
comparing across genes. So what if Gene A with higher edits in previous stage 
and lower expression in current stage than Gene B? The expression of Gene A could 
be constantly lower all the time! Instead, I think readers would want to see that RNA 
transcripts with recurrent edits indeed have a drop in their abundance 
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as development progresses. 

We thank the reviewer for this comment and the nice suggestion. Firstly, while we agree that the 
Spearman’s correlation is poor (as dis- 

cussed in the reply to the 5th comment of the first viewer), we note that we did not attempt to support 
the claim that “REEs are likely to enhance ma- ternal mRNA clearance, a possible mechanism of which could 
be introducing more microRNA binding sites to the 3’-untranslated regions of clearance tar- gets” (as stated 
in the previously revised Abstract) with the observation of correlation between “editing level in previous 
stage” and “expression in the current stage” (the previous Additional Fig. 7 and Supplementary Fig. 8, 
also shown as Additional Fig. 18 below). This figure had been generated to address the sixth comment 
of Reviewer 1 in the previous reply, and we found that it would be more appropriate to regard it as a weak 
suggestion of a possible relationship between REE and the expression level of its targeted gene (no matter 
wehther it drives the drop of expression level in the next stage or is just a byproduct of this drop) and 
thus its relationship with the embryonic development, rather than using it to support the claim above. 
Therefore, in the previous revision, we put it in the section “Detection of thousands of organized REEs 
throughout early embryonic development” as an auxiliary evidence (i.e. the Supplementary Fig. 8), and 
did not relate it to the claim above. 
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Additional Fig. 18. (The previous Additional Figure 7 / Supplementary Figure 8) Spearman’s correlation 
coefficient between median editing level of a REE in a given stage and median FPKM of the gene hosting 
that REE in the latter stage. Only normal samples from early stages were considered. For each stage pair, 
only genes with FPKM > 0.001 were plotted. The trend of association is visualized by linear regression 
(with orange line denoting the fitted line and grey shadow denoting the 95The p-value shown in each scat- 
terplot is the Benjamini-Hochberg-adjusted p-value for two-sided correlation test (computed by R’s 
cor.test(method=”spearman”) ). 

On the other hand, we thank the reviewer for providing a straightforward way to examine this 
correlation, and we examined this for each stage of ob- serving REE separately (Additional Fig. 19). We 
note that it is infeasible to plot a heatmap for all tens of thousands of genes versus stages, because 
typical computer screens generally have only thousands of pixels per row or per column, far fewer than that 
needed for displaying the information of all 
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genes completely in the same screen. Therefore, we made the following plots instead. 
We first made boxplots of FPKM medians for each stage (Additional Fig. 19). It appears that 

RNA transcripts with REEs, when regarded as a whole, did have a drop in their abundance (here 
quantified as the median of all gene-level FPKM medians) as development progresses from the stage 
where the REE is observed (i.e., the “starting stage”). 

a 
 

 
b 
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d 
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Additional Fig. 19. The developmental expression pattern of genes with and without REEs. For each 

subplot, the starting stage is the stage whose observation of REE on each gene was used to split the 
genes into “Has REE in the starting stage” and “Does not have REE in the starting stage”, and the 
“subsequent stage” is the stage that is after the starting stage along the development timeline. In 
addition, for each subplot only genes with FPKM 
> 0.1 at the starting stage was considered. The number shown below each boxplot is the median of all 
FPKM medians (without the transformation of log10(FPKM median + 1 × 10−4)) for that boxplot. The 
starting stage for each subplot is: oocyte (GV) for (a), oocyte (MII) for (b), zygote for (c), 2-cell for 
(d), and 4-cell for (e). 

We then examined this more closely by taking oocyte (GV) as an example stage: we picked all those 
genes whose FPKM median is larger than 200 in oocyte (GV), plotted their FPKM median along the 
developmental progress as a heatmap (Additional Fig. 20, left), and examined whether there was a 
(statistically significant) trend of FPKM dropping for each gene by running a simple linear regression of FPKM 
median against stage index (1 to 6 from oocyte (GV) to 8-cel, respectively) (Additional Fig. 20, right). 

As one can see, when targeted by REE(s) in the oocyte (GV) stage, the regression coefficient for 
a given gene (if statistically significantly not zero) can only be negative, indicating that the overall 
pattern of this gene’s FPKM median is dropping along the development progress. In comparison, 
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genes not targeted by REE(s) in the oocyte (GV) stage might have positive coefficients. 
These results suggested that genes targeted by REEs are likely to have a drop in their expression level 

as the development progresses. 
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Additional Fig. 20. An example heatmap for the gene FPKM median along the development progress, 
considering only those genes whose FPKM median is larger than 200 in the oocyte (GV) stage. Left, the 
heatmap. Right, the corresponding linear regression result for each gene, including the sign of regression 
coefficient and the binned Benjamini-Hochberg-adjusted p- value. The regression of per-stage FPKM medians 
against stages was carried out by treating the stages (from oocyte (GV) to 8-cell) as the integers 1 to 6, 
respectively. 

We added these plots as Supplementary Figures 29-30 to our manuscript (Page 6, Lines 130-132 in 
main text; Pages 50-54, Lines 545-574 in Supple- mentary Information). 
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Reviewer comments: 
 
Reviewer #1 (Remarks to the Author: Overall significance): 
 
The authors have addressed all the concerns raised by this reviewer.My comments on overall 
significance and impact are similar to my previous comments. 
 
Reviewer #1 (Remarks to the Author: Strength of the claims): 
 
No additional question 
 
 
Reviewer #4 (Remarks to the Author: Overall significance): 
 
In this manuscript, the authors collected 2071 RNA-seq data and compiled the largest human 
embryonic A-to-I RNA editome, firstly identified thousands of REE and proposed REE may enhance 
maternal mRNA clearance. Their findings are interesting, but before the manuscript can be 
published in Communications Biology, some questions should be addressed, at least, the authors 
should support enough evidences to make sure all the sites that they identified are truly A-to-I RNA 
editing sites, especially the sites with editing levels of 100%. 
 
Reviewer #4 (Remarks to the Author: Strength of the claims): 
 
The detailed problems are below: 
1. spelling mistakes, figure 1b, “seprarte” should be “separate”. 
2. In this study, the authors adapted the pipeline published by Ramaswami et al., but in 
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Ramaswami’s pipeline they removed PCR duplicates and required variants with a base quality 
score ≥ 25 and a mapping quality score ≥ 20, which are not found in this study, while these two are 
very important, especially removing PCR duplicates for single cell RNA-seq, the authors should 
update their pipeline. 
3. While the authors acquired the pipeline using RNA-seq alone, and discard all the known SNPs 
from several powerful study, so, expectedly, there will be no or fewer A-to-I candidates overlapped 
with DNA variants, and there is no sense for Figure 1c and 1d. At the same time, the authors should 
present the proportions or percentages of A-to-G or A-to-G/T-to-C in all 12 or 6 mismatch types, 
and the triple motif of identified A-to-I candidates and so on, to supporting their pipeline can be 
used to embryonic RNA-seq datasets. At the same time, i agreed with reviewer #3, the authors 
should present their results in the same way as other RNA editing papers, for example, like 
Additional Fig. 13., they should present the Additional Fig. 14. in the same way, present the 
proportion or percentage of 12 or 6 mismatch types without type like “A>G;T>C”, while we can 
calculate the false positive rate of the pipeline using the proportion or percentage of A-to-G in all 
12 mismatch types or A-to-G/T-to-C in all 6 mismatch types. 
4. In total, the authors identified 989191 editing sites, but the authors didn’t present how they 
obtained these sites from these 2071 samples, in general, if there are many samples, we only 
combined the A-to-I editing sites from the samples with false positive rate ≤ 5% or smaller, for 
example, in Ramaswami’s nature method paper, the proportion of A-to-G mismatch was required 
to be at least 80%, and the samples with high false positive rate and low A-to-G or A-to-G/T-to-C 
should be discarded for this step. The authors should supply the mapping rates, sequencing depth 
and A-to-G or A-to-G/T-to-C proportions for each samples. 
5. Agreed with reviewer #3, there is so many sites with editing levels of 100%, the authors should 
extract the sites with editing levels of 100% and present the triple motif of these sites, present the 
IGV figure with aligned reads of some samples and make sure these sites are real A-to-I RNA 
editing sites. In supplementary figure 11a, all editing levels of chr21_33264079 are 100%, and its 
triple motif is CAA which is not ADAR’s preference motif (DOI: 10.1038/ncomms1324), to remove 
the unknown SNP, some studies removes the variants with level ≥ 97% in a single sample, so the 
authors should carefully check their sites and supply evidences to make sure the sites with editing 
levels of 100% are real rather not unknown SNPs. 
6. The samples’ number influences the identified A-to-I editing sites’ number, more samples output 
more sites, while there are 1707 normal samples and only 274 abnormal samples, that’s why more 
editing sites were found in normal samples in Figure 1e, so for the comparison analyses between 
normal and abnormal samples should be more carefully done to avoiding the effect of big sample 
number difference. 
7. For the correlation with ADAR1 expression, the authors said most of the correlations were still 
not statistically significant (Additional Fig. 17), but in the other investigating edits in human 
embryos using pilot embryo RNA-seq paper (DOI:10.1186/s12864-016-3115-2) cited by this study, 
“Correlation tests indicated that RNA-editing levels were strongly correlated with ADAR expression 
levels (Pearson’s correlation test, P = 5.99E-13, r = 0.74; Fig. 2d).” and “It is worth noting that 
although the ADARB1 expression levels remained low in cells of all stages investigated, we 
detected a moderate correlation between the ADARB1 expression levels and the A-to-I RNA-
editing levels (Pearson’s correlation test, P = 3.38E-4, r = 0.42; Fig. 2e).” . Maybe for this analysis, 
the authors should not combine the data from different datasets, while different datasets would 
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influence the correlation test results. 
 
 
 
 
 
 
 

Response to reviewers’ comments 
 

We thank the reviewers for their further valuable comments, and have revised the manuscript 
accordingly. Specifically, 

1. We added the mapping rates, sequencing depths, and A-to-G propor- tions 
across all 12 nucleotide changes for each sample as Supplementary Tables 10-
12, respectively, along with their distribution plot for refer- ence 
(Supplementary Fig. 31a-c). 

2. We emphasized certain technical details (removing PCR duplicates and 
requiring reads to have an average quality score >= 25 and a mapping quality 
score >= 20) to the identification pipeline to make key steps clear, and 
fixed the misspelling in Figure 1B. 

All the changes in the manuscript and supplementary material are high- lighted in blue font. Please 
see the replies to the specific reviewer comments below for further details. We thank again for the 
editors and reviewers’ efforts. 

 
Reviewer comments: 

Reviewer #1 (Remarks to the Author: Overall signifi- cance): 
The authors have addressed all the concerns raised by this reviewer.My comments on overall 

significance and impact are similar to my previous com- ments. 

We thank again the reviewer for all the efforts and valuable suggestions. 
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Reviewer #1 (Remarks to the Author: Strength of the claims): 
No additional question 

We thank again the reviewer for all the efforts and valuable suggestions. 
 
Reviewer #4 (Remarks to the Author: Overall signifi- cance): 

In this manuscript, the authors collected 2071 RNA-seq data and com- piled the largest human 
embryonic A-to-I RNA editome, firstly identified thousands of REE and proposed REE may enhance 
maternal mRNA clear- ance. Their findings are interesting, but before the manuscript can be pub- lished 
in Communications Biology, some questions should be addressed, at least, the authors should support 
enough evidences to make sure all the sites that they identified are truly A-to-I RNA editing sites, 
especially the sites with editing levels of 100%. 

We thank the reviewer’s comments. 
We have refined additional technical details and provided additional sam- ple metrics to the 

identification pipeline of A-to-I edits to support the reli- ability of our identification (see responses to 
Comments 1, 2, 3, 4, 6, and 7 below). 

We also agree with the potential pitfalls in the reliability about edits with editing levels of 100%, 
as raised by the reviewer (Comment 5); we then pointed out that, because the proportion of such edits 
is very low in early- stage embryos where REE (i.e., the main focus of this manuscript) was mostly 
investigated, excluding such sites should not affect the major conclusions of REE drawn from our analysis. 

Please refer to the specific response to each comment for more details. 

 
Reviewer #4 (Remarks to the Author: Strength of the claims): 

The detailed problems are below: 

1. spelling mistakes, figure 1b, “seprarte” should be “separate”. 
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We thank the reviewer for pointing out this misspelling in Figure 1B. 
We have fixed this and updated it in the manuscript (Page 36, Line 861 in main text). 

2. In this study, the authors adapted the pipeline published by Ramaswami et al., 
but in Ramaswami’s pipeline they removed PCR duplicates and required variants 
with a base quality score ≥ 25 and a mapping quality score 
≥ 20, which are not found in this study, while these two are very important, especially removing PCR 
duplicates for single cell RNA-seq, the authors should update their pipeline. 

Thanks for the comments. 
We are sorry that we had not described these details clearly in the main text; we had only described 

in the Supplementary Notes 6. Specifically, we have previously removed PCR duplicates (Page 7, Lines 
147-149 in Supple- mentary Information) and required the reads to have an average quality score 
>= 25 (Page 7, Lines 142-144 in Supplementary Information) and a mapping quality score >= 20 (Page 7, 

Lines 149-151 in Supplementary Information). We have further polished the text to make it clear. 
Specifically, we have emphasized that the duplicates we removed are PCR duplicates (Page 7, Lines 147-
149 in Supplementary Information) and also reiterated these tech- nical details in the Results (Page 5, Lines 

94-97 in main text) and Methods section (Page 14, Lines 331-333 in main text) of the main text to make 
them 

clear. 

3. While the authors acquired the pipeline using RNA-seq alone, and dis- card all 
the known SNPs from several powerful study, so, expectedly, there will be no or 
fewer A-to-I candidates overlapped with DNA variants, and there is no sense for 
Figure 1c and 1d. 

We thank the reviewer for pointing out our imprecise statement for these figures. 
The Figure 1c was used to demonstrate the design of the dataset for validating whether our pipeline 

could result in the expected observation that “there will be no or fewer A-to-I candidates overlapped with 
DNA variants”: because this dataset is a DNA-RNA-paired single-cell sequencing dataset, we can know 
whether a candidate RNA variant is truly an RNA editing, or arises from DNA variants. 
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While the Figure 1d was used to show that we did observed this expect- edly, we are sorry that we 
did not state the result of Figure 1d precisely enough in the main text. As we have stated in the 
Supplementary Notes 1, “Comparison of the edits in each cell with its genomic variants revealed that all 
A375 cells with at least one edit identified had a zero ratio of genomic variant-overlapping edits after, 
but not before, our filtering (Fig. 1d). This result supported the validity of our pipeline. ” (Page 2, Lines 
26-29 in Sup- plementary Information). Therefore, while the “raw” case in Figure 1d (i.e., before applying 
the filters in our pipeline) did have a generally very low ratio of identified A-to-I RNA edits that overlapped 
with the DNA variants in the same cell across samples, the “filter” case in Figure 1d (i.e., after applying 
the filters in our pipeline) had a zero ratio of such edits (which is logically correct but intuitively 
confusing if stated as “generally very low”). 

We have fixed the related description in Results (Page 5, Lines 101-105 in main text), Figure 1 
legend (Page 37, Lines 864-866 in main text), and Supplementary Notes 1 (Page 2, Lines 26-29 in 
Supplementary Information). 

At the same time, the authors should present the proportions or percent- ages of A-to-G or A-to-G/T-
to-C in all 12 or 6 mismatch types, and the triple motif of identified A-to-I candidates and so on, to 
supporting their pipeline can be used to embryonic RNA-seq datasets. 

At the same time, i agreed with reviewer #3, the authors should present their results in the same 
way as other RNA editing papers, for example, like Additional Fig. 13., they should present the Additional 
Fig. 14. in the same way, present the proportion or percentage of 12 or 6 mismatch types without type like 
“A>G;T>C”, while we can calculate the false positive rate of the pipeline using the proportion or 
percentage of A-to-G in all 12 mismatch types or A-to-G/T-to-C in all 6 mismatch types. 

Thanks for the comment. 
For the proportions or percentages of A-to-G and A-to-G/T-to-C in all 12 or 6 mismatch types, we 

have provided such information for both the DNA-RNA-paired single-cell dataset (in the form of a 
histogram of mean (#variants) across all samples; Supplementary Figure 1) and the embryonic datasets 
(Figure 1f and Supplementary Figure 6). Because we have identified edits that are either strand-definite 
(A-to-G) or strand-ambiguous (A-to- G/T-to-C; see Step (13) in Supplementary Notes 6), we had 
provided the proportion in Figure 1f and Supplementary Figure 6 as the ratio of “the union of A-to-G 
variants and A-to-G/T-to-C variants” to all variants. 
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We updated the previous Additional Fig. 14 (i.e., the previous Supple- mentary Fig. 1) in the same 
way as the previous Additional Fig. 13, as shown below (Additional Fig. 1 and also the new 
Supplementary Fig. 1a; Page 37, Lines 866-868 in main text and Pages 14-15, Lines 317-325 in 
Supplementary Information). From this result we observed that the mean A- to-G proportion is 63.23%, and 
we computed the false discovery rate (which we believe is the false positive rate raise by the reviewer) 
following the way of Ramaswami et al.1, which is ((1-63.23%)/11)/63.23%=5.29%. 

 

 

 
 
 

Additional Fig. 1. Percentage of all possible 12 types of simple nucleotide changes (for the DNA-RNA-
paired single-cell dataset). Bar height and error bars display the mean and standard deviation, 
respectively, of percentage across the samples. Only samples with at least 10 edits identified were con- 
sidered in this plot. 
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We have also explicitly stated the definition of strand-definite/strand- ambiguous edits in Step 
(13) of Supplementary Notes 6 (Page 12, Lines 273-274 in Supplementary Information), as well as how the 
A-to-G proportion was computed in figure legends of the Figure 1f, and the Supplementary Figure 6 
(Page 37, Lines 875-877 in main text; Page 23, Lines 373-375 in Supplementary Information). 

For the triple motif of identified A-to-I candidate edits, we have previously provided this information for 
the embryonic dataset (Figure 1h). For the DNA-RNA-paired single-cell dataset, we ran the analysis and 
provided the motif below (Additional Fig. 2 and also Supplementary Figure 1b). 

 
 

Additional Fig. 2. The triple motif of edits identified in the DNA-RNA- paired single-cell dataset. 

 
4. In total, the authors identified 989191 editing sites, but the authors didn’t 

present how they obtained these sites from these 2071 samples, in general, if 
there are many samples, we only combined the A-to-I editing sites from the samples 
with false positive rate ≤ 5% or smaller, for example, in Ramaswami’s nature 
method paper, the proportion of A-to-G mismatch was required to be at least 80%, 
and the samples with high false positive rate and low A-to-G or A-to-G/T-to-C 
should be discarded for this step. The authors should supply the mapping rates, 
sequencing depth and A-to-G or A-to-G/T-to-C proportions for each samples. 
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We thank the reviewer for pointing out this important problem. 
We have previously presented how we obtained these sites from these samples, as detailed in 

Supplementary Notes 6. 
While A-to-G ratio is an important metric evaluating the overall iden- tification of RNA editing, 

this was not included in the Ramaswami et al. pipeline and thus we did not use it to discard certain 
samples. In addition, while from our observation, some samples in pre- and post-implantation of human 

early embryonic development do have a low A-to-G ratio (Fig. 1f, Supplementary Fig. 6, and 
Additional Fig. 3c below), we note that studies of RNA editing in such samples are scarce. In particular, 

for the only pilot identification of RNA edits in such samples, as done by Qiu et al.2, we noted that they 
used much fewer pre-implantation samples than us (and they did not use samples later than morula), so 

we are not sure whether their reporting an average A-to-G ratio of >= 80% in early samples is a general 
phenomenon; in addition, we have tried our best to reproduce their results in the first re- vision of this 
manuscript, yet their identification cannot be reproduced even after several rounds of communications 

(see the “Comparison with Qiu et al identification results” and “Additional Notes 1” attached). 
Therefore, we cannot conclude that such low ratio is mainly due to non-biological technical artifacts. We 

also note that, in this manuscript we mostly focused on the REE (Recurrent Embryonic Edits) that 
require >=50% chances of occurring in a given stage; such requirement should make its analysis more 

robust to potential false positives mentioned by the reviewer here than general edits’. For the last 
question, we have added the mapping rates, sequencing depth, and A-to-G proportions across all 12 

nucleotide changes for each sample as Supplementary Tables 10-12, respectively, along with their 
distribution plot for reference (Additional Fig. 3 and also Supplementary Fig. 31a- c). We noted 

that, while the overall mapping rate seems to be low, it is not directly relevant to our study, 
because we have discarded some reads during the pipeline (e.g., keeping only those reads with average 
base quality score >= 25, as discussed in the reviewer’s second comment above). In 

addition, we have tried our best to make the identification results as reliable as possible, including 
sticking to datasets that are from published works (so their quality, at least with respect to the 

scientific questions in their corresponding works, should be reliable), and adapting the Ramaswami et 
al. pipeline where mapping rate was not used as a threshold. 
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Additional Fig. 3. The distribution plot of mapping rates (defined as the ratio of “the number of reads 
kept after GATK recalibration” to “the total number of trimmed reads prior to BWA mapping”) (a), 
sequencing depth (defined as the samtools coverage-reported mean depth across the whole genome) 
(b), and A-to-G proportions across all 12 nucleotide changes (c) across samples analyzed. 

 
5. Agreed with reviewer #3, there is so many sites with editing levels of 100%, 

the authors should extract the sites with editing levels of 100% and present the 
triple motif of these sites, present the IGV figure with aligned reads of some 
samples and make sure these sites are real A-to-I RNA editing sites. In 
supplementary figure 11a, all editing levels of chr21_33264079 are 100%, and its 
triple motif is CAA which is not ADAR’s preference motif (DOI: 
10.1038/ncomms1324), to remove the unknown SNP, some studies removes the 
variants with level 97% in a single sample, so the authors should carefully check 
their sites and supply evidences to make sure the sites with editing levels of 100% 
are real rather not unknown SNPs. 

Thanks for the comments. 
We have previously rightly acknowledged that edits (not editing sites, because the editing level 

might change in different samples) with a editing 
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level of 100% should be examined with caution (Supplementary Fig. 4). We have updated the legend of 
Supplementary Figure 4 and Supplementary Figure 11 to emphasize that such edits might still not be real 
A-to-I RNA edits (Page 21, Lines 358-359 in Supplementary Information). 

Nevertheless, we cannot conclude immediately from our computational results that these edits are 
definitly noise and not truly A-to-I edits; addi- tional experimental validations are needed to confirm 
which of these RNA edits are truly A-to-I edits and which are not. On the other hand, the proportion 
of such RNA edits with an editing level of 100% is very low in early-stage embryos where REE – the main 
focus of this manuscript – was mostly investigated (Supplementary Fig. 4b; note that Supplementary 
Fig. 4a and 4b present the same distribution in log10-scale and untransformed scale, respectively). 
Therefore, excluding such sites should not affect the major conclusions of REE drawn from our 
analysis, and thus we did not explicitly exclude them from our identification results. 

6. The samples’ number influences the identified A-to-I editing sites’ num- ber, 
more samples output more sites, while there are 1707 normal samples and only 
274 abnormal samples, that’s why more editing sites were found in normal samples 
in Figure 1e, so for the comparison analyses between normal and abnormal samples 
should be more carefully done to avoiding the effect of big sample number 
difference. 

Thanks for the comments. 
We agree with the reviewer’s comment that the large difference in sample size between normal and 

abnormal samples could contribute to the identifi- cation of more edits in normal samples, and have 
reported again the number of samples again (which are 1,797 normal and 274 abnormal samples; Page 
13, Lines 319-321 in main text) in the legend of Figure 1e (Page 37, Lines 869-873 in main text). 

We assume that “the comparison analyses between normal and abnor- mal samples” the reviewer 
refers to are Supplementary Figure 2 (where all edits were examined) and all analyses in the Result 
section “Certain REE- matching edits could undergo organized loss in embryos with uniparental disomy 
and those from elder mothers” (where REE were examined in nor- mal and abnormal embryos (or 
embryos from younger and elder mothers) paired in the corresponding case study). For Supplementary 
Figure 2, we have reduced the effect of different sample size by focusing on samples from 
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the same stage, as shown in Supplementary Fig. 5 – the sample sizes of nor- mal and abnormal samples for 
each of the stages analyzed in Supplementary Figure 2 are similar. For the analysis in “Certain REE-
matching edits could undergo organized loss in embryos with uniparental disomy and those from elder 
mothers”, we only used those normal and abnormal embryos (or em- bryos from younger and elder 
mothers) in the corresponding published case study, where they are designed to have comparable sample 
sizes. 

Therefore, we have tried our best to reduce the effect of sample size difference between normal 
and abnormal samples in all comparisons between normal and abnormal samples. 

7. For the correlation with ADAR1 expression, the authors said most of the 
correlations were still not statistically significant (Additional Fig. 17), but in the 
other investigating edits in human embryos using pilot embryo RNA-seq paper (DOI: 
10.1186/s12864-016-3115-2) cited by this study, “Correlation tests indicated that 
RNA-editing levels were strongly correlated with ADAR expression levels (Pearson’s 
correlation test, P = 5.99E-13, r = 0.74; Fig. 2d).” and “It is worth noting that 
although the ADARB1 expression levels remained low in cells of all stages 
investigated, we detected a moderate cor- relation between the ADARB1 expression 
levels and the A-to-I RNA-editing levels (Pearson’s correlation test, P = 3.38E-4, r 
= 0.42; Fig. 2e).” . Maybe for this analysis, the authors should not combine the 
data from different datasets, while different datasets would influence the 
correlation test results. 

Thanks for the comments. 
We first note that these two types of correlations are based on different definitions of per-sample 

“editing level”. In particular, while in the Qiu et al. paper (DOI: 10.1186/s12864-016-3115-2)2 it has been 
defined as “… edited bases per million mapped bases in each cell.”, here in the Additional Fig. 17 in 
the last revision (also Supplementary Fig. 21) it’s AEI (Alu-Editing Index), an editing activity metric that 
computes weighted average level of A-to-G across genome-wide Alu elements, where the weights are the 
coverage of each site3. This AEI definition of editing level has been found to have a weak correlation 
with ADAR1 and ADAR2 (which is the alias of ADARB1) expression levels, as stated in Roth et al.: 
“Expression levels of the ADAR enzymes correlate, in many tissues, with editing measures. Thus, they 
are widely used as a proxy for estimating global ADAR activity. However, more often than not, the correlation 
between ADAR expression and editing activity 
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is rather weak (Fig. 3b and Supplementary Figs. 6 and 7), presumably due to additional layers of ADARs 
regulation at the protein level.”3 (we also provided Roth et al.’s Fig. 3b below as a reference 
(Additional Fig. 4)). This is consistent with our observation in Supplementary Fig. 21. 

 

 
Additional Fig. 4. Figure 3b from Roth et al.3. 

In addition, the A-to-I identification result by Qiu et al. (DOI: 10.1186/s12864- 016-3115-2)2 could not be 
reproduced after several rounds of communications 
(see response to Comment 4 above and also the attached Additional Notes 1). Moreover, early embryos 
need to undergo drastic transcriptome changes, such as maternal mRNA clearance4 and zygotic genomic 
activation5, which might further complicate the relationship between the expression level of ADAR and 
editing level. Therefore, we chose not to dissect this relationship further. 

We also note that we have previously decided to combine datasets from different resources to 
identify from many normal embryos of the same stage 



from different sources those biological signals (in particular, REE in this manuscript) that are 
more robust to non-biological artifacts such as sampling bias. Therefore, in future study, if 
one’d like to investigate the correlation further, we recommend to carry out this investigation 
first on this combined normal embryo set, rather than on individual datasets with smaller 
sample sizes.  
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